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PREFACE 


Ever since the foundation of the Muir Central College in 
. the early seventies of the last century, research work in 
various departments of studies has been carried on at Allahabad 
by several scholars. With the single exception perhaps of 
‘Indian Thought/ which was a quarterly journal of oriental 
research conducted by the late Dr. Thibaut and the under- 
signed, no attempt has hitherto been made to help the 
preservation or publication of the results of those researches. 
With the re-organisation of our University on the unitary basis, 
and the consequent stress laid upon research, it seems to be 
essential to provide for a vehicle for researches that are being 
carried on under the University. As a modest beginning we 
are publishing this year, a single number of our Studies, 
wherein are contained contributions from the several departments 
of the University. 

It will be seen that all the departments of the University 
have not been able to send their contributions. It is hoped 
that this does not mean that these departments have done 
nothing worth publishing, and that it has been due to that 
lack of punctuality which hampers so much of our work ; 
and yet we could not wait, longer, as the Press was persistent 
in its demand for matter. This has also beeh the reason why 
we could not ask for and obtain contributions from our associated 
Colleges. 

It is not easy to ascertain what position this Journal will 
win for itself in the world of scholarship and research. The 
price fixed for it therefore should be regarded as entirely 
provisional ; it will depend upon the support that it secures 
for itself from the public. 

Ganganatha Jha; 

Vice-Chancellor * 
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METEOROLOGY IN ANCIENT INDIA. 

GANGANATHA JHA. 

We have been taught to believe that Meteorology is a 
new science' — even in the West; and that in India it is 
something absolutely new. This notion, like many others 
relating to this unfortunate country, is based upon wrong 
assumptions. But the blame for this does not rest upon any 
body. It rests upon the circumstance that what we know of 
Meteorology is found in works relegated to the dubious realm 
of Astrology. And nobody has taken the trouble to look 
deeper and see if there is anything in those works beyond the 
oft-discredited subject of Astrology. Astrology may be no 
science ; it may even be called a pseudo-science ; but that 
need not mean that books dealing with Astrology can contain 
nothing valuable. People who wrote these books were not 
ignoramuses; they fortunately or unfortunately have dealt 
with many things which, though in their minds, allied to 
Astrology, have not much direct connection with it This is 
what has happened to Meteorology. Our old astronomers 
believed in the influence of Planets over our Earth ; and it is 
this general belief that led them to mix up Astrology with 
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many other subjects connected with it only remotely. And 
as I shall attempt to show, I have found by actual observation 
that the position of the Bun at any rate does exert a distinct 
influence upon atmospheric conditions. A brief analysis of 
what our writers have said regarding Meteorology will also 
show that they believed, — and this belief rested upon actual 
observation, — in the influence of the Moon also. 

This science is very ancient. The earliest record that 
we have found is in Brhatsamhita, the encyclopedic work 
of the ‘ gem ’ Varahamihira, generally believed to have lived 
in the fifth century A.D. But he refers to, and sometimes 
quotes from, a number of Rsis, whom even sceptical modern 
chronology connects with pre-Christian times, — Garga, Para- 
shara, Kashyapa and so forth. To a much later period 
belongs another work named Vanamala, which deals 
entirely with the subject of Bainfall. Later on again, we 
have a large number of proverbs current amongst us, 
which are apparently based on direct observation, — may 
be, on insufficient data. But the observation and the 
deductions are there, showing that the science has been 
a living one. 

The story connected with the origin of the proverbs 
is interesting, find is curiously enough connected with 

the great astronomer Varahamihira referred to above. 
It is said that the great astronomer, away on a distant 
pilgrimage, suddenly discovered that a certain day and 
time, a few days forward, were so auspicious that a 
child bom then would turn out to be the greatest 
astrologer and astronomer. Anxious to secure such a 
child for himself, he left for home; but unluckily he 
could not reach home in time ; he had to pass the auspicious 
day in a village, still far off from Ms home. He 

managed however to get himself married to the girl of 
a shepherd on the same day and from her obtained a 

child who, though he could not be educated in the 
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proper fashion of a* Brahmana, turned out by intuition 
to be a great astrologer ; and the meteorological proverbs 
that have come to us are believed to have been his 
sayings. 

Many of these proverbs have been collected by 
John Christian in his ‘ Bihar Proverbs ’ (Trubner’s 
Oriental Series) and by Sir George Grierson in his 
‘Bihar Peasant Life.’ 

We know that during the year the Sun passes along 
the ecliptic through its twelve divisions, called the ‘ twelve 
signs of the zodiac.’ Each of these signs has been roughly 
divided into 27 ‘ asterisms, ’ also called ‘ lunar mansions’. 
During our rainy season, — i.e., from May to October — the 
Sun passes through twelve of these ‘asterisms’, — 

(I) Rohini (2) Mrgashiras 

(3) Ardra (4) Punarvasu, 

(5) Pusya (6) Ashlesa 

(7) Magha (8) PurvaphalgunI 

(9) Uttaraphalgun! (10) Hasta 

(II) Chitra (12) Svatl 

The day on which the Sun passes from one asterism 
into another is marked in our almanacs. I have been 
marking the atmospheric conditions on these days, and 
have invariably found that near about the day so marked 
there is a marked change. I say ‘near about’ because 
our almanacs are not so accurate as the more scienti- 
fically compiled Nautical Almanac. My observation extends 
only thus far; and I feel justified in deducing the conclusion 
that the position of tire Sun in relation to the asterisms 
has a marked influence upon our atmospheric conditions. I 
have not followed up the subject of forecasting what the 
actual change will be. This is a matter on which we 
have elaborate directions regarding observations extending 
over nearly the whole year. We are taught, for instance, 
that the atmospheric conditions obtaining during the 
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month of November or December are indications of the 
conditions that will obtain 195 days later. There need 
be nothing unscientific in this; if the atmospheric con- 
ditions in the island of Syehelles can be indicative of rain 
in the Gangetic plain, to come after some weeks, there 
need be nothing crude about the notion of future rainfall 
being indicated by conditions appearing six months earlier, 
especially when we note that the observation should not 
rest here ; it has to extend over the entire period of these 
195 days; and the indications of November may be upset 
by those appearing later on. 

We shall now proceed to see what our authors have 
got to say on this subject. 

For the purpose of finding out what amount of rain 
we shall have during the season known as the ‘rains’, one 
has to take note of atmospheric conditions, six months earlier. 
In the graphic language of our poet-philosophers, the clouds 
become ‘pregnant’ during the autumn-winter and ‘give birth’ 
to rain six months later. As for the days during which 
‘ conception ’ takes place, there is a slight difference of opinion. 
According to some ( Siddhasena and his followers ), says 
Varahamihira, ‘conception’ takes place after the bright fort- 
night of the month of Kartika (Oct-Nov.) ; but according 
to Garga (Yashistha, Parashara, Rsiputra and Kashyapa), 
the symptoms of the ‘conception’ of the clouds should be 
observed during the days of the bright fortnight of the month 
of Margashlrsa (Nov.-Dee.),— beginning with that day on 
which the moon may be in the asterism of Purvasadha. 

Note — The names of the months may be roughly rendered 
as follows: — 

Kartika = October —November Vaishakha— April— May 
Marga = November— Decern- Jyestha =May— June 

ber. Asadha, =June — Julv 

Pausa =December— January Shravana -July— August, 

Magha =January— February Bhadra =August— September. 

Phalguna = February- March Ashvihna =September~October. 

Cnmtra -March — April 
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The ‘delivery’— i. e. ‘birth of the rain’ — takes place 
after 195 days. The rain having been ‘conceived’ on a 
certain day during November-December, when the moon has 
been in conjunction with a certain asterism, it will be 
‘born’ after 195 days (six months and a half), on that day 
when the moon again comes into conjunction with that same 
asterism. 

If the ‘conception’ has occurred during the brighter 
fortnight, the ‘delivery’ takes place during the darker 
fortnight, — after 195 days ; — if the former has occurred during 
the nigtit, the latter comes during the day; — and if the 
former has happened at sunrise or at sunset, the later eomes 
at sunset or sunrise respectively and ‘conception’ on the 
moon-less day leads to ‘delivery’ on the full-moon day. 
But if the ‘conception’ takes place during the brighter 
fortnight of the month of either Marga or Pausa, the resultant 
rain is small. 


Atmospheric 4 conception ? 
during 

Is indicative of rainfall 
during 

Pausa (second half) 

Shravana (first half) 

Magha (first half) 

Shravana (second half) 

Magha ( second half) 

Bhadra (first half) 

Phalguna (first half) 

Bhadra (second half) 

Phtilguna (second half) 

Ashvina (first half) 

Chaitra (first half) 

Ashvina (second half) 

Chaitra (second half) 

Kartika (first half) 


The same opinion has been held also by Garga and 
Parashara; the later holding that ‘conception’ during the 
day brings rain during the night and vice versa . 

If at the time of ‘conception’, clouds have appeared 
in the East, then at the time of ‘ birth ’ — i. e. actual rain, — 
they will appear in the “West; and so on with the other 
quarters. Similarly, if at. the time of ‘conception’, the 
wind has blown from the East, then at the time of 
rain, it will blow from the opposite quarter. 
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SIGNS OF ‘CONCEPTION’ 

Atmospheric conditions indicative of future 
rainfall. 

(1) Pleasant wind, (2) soft wind, (3) northerly wind, 
(4) north-easterly wind, (5) easterly wind, (6) clear 
sky, (7) soft, white and deep halo round the moon or the 
sun, (8) sky overcast with extensive, deep and soft clouds, 
(9) needle-shaped clouds, (10) razor-shaped clouds, (11) 
blood-red clouds, (12) dark-coloured sky, (13) blue-coloured 
sky, (14) bright moon, (15) bright stars, (16) rain-bow 
in the morning or in the evening, (17) thunder, (18) lightning, 
(19) appearance of a second sun, (20) sweet and peaceful 
sounds emanating from birds and wild animals, from the 
North on the North-East or the East; (21) Planets shining 
in the full form and with soft light, (22) trees with roots 
growing freely, (23) men and cattle appearing happy. 

These are the signs generally indicative of future 
rainfall. 

The observer has been directed by Parashara to take 
observations, during the four months beginning with Magha, 
of all phenomena relating to Eainbows, Clouds, Lightning 
and Thunder. These phenomena are indicative of the 
quantity of rainfall during the succeeding rainy months. 

The details of these observations have been described 
by Varahamihira (21-19 et seq) : — The following are signs 
indicative of good rainfall: — 

During the months of Marga and Pausa (November- 
January) — Red sky in the morning and in the evening; 
clouds with solar and lunar halos ; and less than usual cold. 

During the month of January-February : — High winds ; 
Frost and Mist obscuring the light of the Sun and of the 
Moon; Sun’s rays cool like ice; dim moonlight; excessive 
cold; sunrise and sunset under clouds. 

During the month of February-March, — Dry high 



METEOROLOGY IN ANCIENT INDIA 7 

winds; appearance of clouds; soft but broken halos round 
the Sun and the Moon; tawny colour of the Sun; cop- 
per colour of the . Sun. 

During the month of March-April — -winds, clouds, 
rain, halos. 

During the month of April-May — halos accompanied 
by clouds, winds, rain, and thunder. 

During the months of ‘conception 5 (November — 
May) — if the clouds that appear are of the colour of 
either silver or pearl or the Tamala-leaf or the blue 
lotus or soot or aquatic animals, — then the resultant 
rain during the season is profuse. If the clouds are 
heated by the rays of the Sun, or accompanied by slight 
winds, — then the rain that follows after 195 days is too 
excessive. 

The following are the phenomena that tend to nullify 
the chances of rain indicated by the phenomena described 
above : — (1) Fall of meteors, (2) Lightning, (3) Shower of 
dust, (4) Burning of the quarters, (5) Earth-quake, (6) 
Appearance of palaces in the clouds, (7) Comets, (8) Impact 
of Planets, (9) Signs of blood, flesh, fat, butter or oil in 
the rain-water, (10) Rainbow, (11) Eclipse, (12) Thunder 
without clouds and (13) Hails. 

It is explained that if any of these phenomena appear 
after the appearance of the phenomena that have been 
described as indicative of rain, they are to be regarded as 
nullifying those indications, and thereby reducing the possibility 
of rainfall. 

Further, if, during the months of ‘conception 5 , the 
phenomena appearing are found to be contrary to those 
described as indicative of rain, — then the chances of rainfall 
would be small. 

Among conditions improving the chances of rain is 
the appearance of “conception ” on certain days on which 
the moon happens to be in a particular asterism. These 
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asterisrus have been enumerated by Varahamihira in 21. 
28 et seq. 

If ‘conception’ takes place under the above favourable 
conditions during the month of November-December, then 
after 195 days, there is good rain for 8 days; if during 
December-January, there is rain after ! 95 days, for 5 days ; 
if duxing January ~F ebruary, for 16 days ; if during February- 
March, for 24 days; if during March- April, for 20 days; 
if during Apiil-May, for 3 days. (Varahamihira 2.1.30) 

If ‘conception’ is due to all the five conditions — of wind, 
rain, lightning, thunder and clouds, — then the resultant 
rain falls over an area of 400 square miles ; if one of the five 
conditions has been absent, it extends over 200 square 
miles; if two conditions have been absent, then over 100 
square miles ; if three have been absent, over 50 square miles ; 
if four have been absent, over 20 square miles. (31). 

We had also rain-gauging in the past. If the ‘ conception’ 
has been due to all five conditions, then the quantity of 
resultant rain is one ‘ drona ’; if it has been due to wind 
alone, the resultant rain is 3 ‘ adhakas if it has been 
due to lightning, the rain is 6 ‘adhakas’) if it has been 
due to clouds, the rain is 9 ‘adhakas’) if it has been 
due to thunder, the rain is 12 ‘ adhakas ’ (32). 

These measures of rain — ‘drona’ and ‘ddhaka’ — have 
been thus described by Parashara : — When the rainfall 
fills to the brim a vessel 20 anguls (inches) square find 
8 anguls deep, the quantity of rain is to be regarded 
as an ‘ddhaka’; and four such ‘adhakas’ constitute a 
‘drona’. 

Varahamihira’s own measure is given under 23.2 : — 

A vessel with a circumference of 1 ‘hasta’ (24 
anguls) and 1 hasta deep should be placed outside; if 
it becomes filled with the rain-water, it means that we 
have had one ddhaka of rain; and 4 such adhakas go to 
make up a drona. 
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If the ‘conception’ occurs when ‘evil’ planets are 
in the ascendant, then the resultant rain is accompanied 
by hail, lightning and fish ; if, on the other hand, the 
planets in the ascendant happen to be ‘ benign’, it 
brings profuse rain. 

If there is rain at the time of ‘conception’, that 
conception becomes abortive (34). 

During the month of May-June, on the first four 
days of the brighter fortnight, if we have soft and easy 
winds blowing, the ‘ conception ’ that has taken place 
during the winter becomes further developed ; so also, if 
on these same days, the sky is over-cast with soft and 
dense clouds. (22.1). 

During the month of May-June, if any rain falls 
upon the day on which the moon is in the asterism of 
Svati, then there would be no rain during the month of 
July- August; if it falls on that day on which the moon 
is in the asterism of Vishakha, then we shall have a 
rainless month of August-September ; — if it falls on the 
days on which the moon is in the asterism of Anuradha, 
we shall have a rainless month of September-October. 

H, on the said four days of May-June, there is 
lightning with slight showers, or with dust-storm, or if 
the sun and moon are overclouded, it is a good sign. 
Similarly, if birds sing sweetly, or children play happily, 
or the sun and the moon are surrounded by a halo, or 
there are dense clouds, — all these are favourable signs. 

During the month of June- July, (a) if it rains on 
the day on which the moon is in the asterism of either 
Hasta, or Purvasadha, or Mrgashiras or Chitra or Bevatl 
or Dhanistha, — then on the corresponding days during the 
next lunar month, there should be 16 dronas of rainfall; — 
(b) if it rains on those days when the moon is in the 
asterism of (8) either Shravana or Magha or Anuradha 
or BharanI or Mula, — on the corresponding days next 
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month, there should be 14. dronas of rainfall; if, during 
the moon’s residence in the asterism of either Shatabhisak 
or Jyestha or Svati, — then on the corresponding days the 
rainfall should be 4 dronas; — if, during the moon’s 
residence in the asterism of Krttika, 10 dronas; — if 
during the moon’s residence in Purvaphalguni, 25 
dronas; — in Punarvasu, 20 dronas; — in Vishakha or 
TJttarasadha, 20 dronas ; — in Ashlesa, 18 dronas inUttara- 
bhadra. or Uttara-phalguni or Kohini, 25 dronas ; — in 
Purva-bhadra or Pusya, 15 dronas in AshvinI, 12 dronas ; 
in Ardra, 18 dronas. 

In Chapters XXVI and XXVII there are described 
certain indications of rain to be observed on one particular 
day, the full-moon day of the month June-July : — 

If the wind blows from the East or the North- 
East and is fragrant and agreeable to the touch, it 
indicates good rain and good crops. If it is from 
the South-East, South-West, or North-West, the crops 
would be neither good nor bad. If the evening sky on 
that day is of the colour of emerald, or silver, or honey, 
or gold, and if there appear in the sky clouds of the 
shape of a tree, this indicates good rain. If at sunest, 
the wind blows from the North-East, it indicates good 
crops. If it blows from the East, whirling like sea- 
waves, it indicates excellent winter and spring crops. If 
there is continuous hot wind from the South-East, it 
indicates that everything on the earth will be reduced to 
ashes. If the wind at sunset blows from the South and 
is high, accompanied by dense clouds, it indicates rain. 
If at sunset the wind blows from the South-West, high 
and continuous, it indicates terrible famine. If at sunset 
the wind blows from the West, it indicates good crops, 
but also war. If the wind blows from the North-West, 
it indicates profuse rain and excellent crops. If it blows 
from either West or North, it indicates good rain. 
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In Chapter XXVIII we have certain signs described, 
which are indicative of immediate rain. Dur ing the 
rainy season, if the sun at the time of rising is 

exceptionally bright, or if the taste of water is insipid, 
or the colour of the sky is that of the cow’s eye, if 
salt begins to sweat, if fish in tanks begin to frisk 
towards land, if cats frequently scratch the ground, if 
metal vessels emit a fishy smell, if ants with their 
eggs move from one place to another, or if serpents 

are seen to ascend trees, all these signs are indicative 
of immediate rain. 

The above is based mainly upon a study of 

Varahamihira’s encyclopedic work, the Brhatsamhita, which 
is believed to have been written in the fifth century 
A.D. It will serve to show how closely the atmospheric 
conditions were observed and noted, with a view to 
ascertain, to almost a nicety, the amount of rainfall 
expected during the year. There are other works dealing 
with the subject ; three or four of them have been 

referred to and quoted by Bhattotpala, in his commentary 
on the Brhatsamhita. It promises to be an interesting 
field of research; and it is hoped younger scholars may 
be attracted to it, and let us have the results of 
their study, which, one feels sure, will go to show that 
our astrologers — at least of the ancient times, — were not so 
steeped in superstition or unscientific in their methods 
as they have been supposed to be. 
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UVofe.— ■ Though the subject-matter of the paper is related to the 
Department of Sanskrit , yet, it has been included under the activities of 
the Department of English , as the writer is a member of the latter 
Department.] 




A CONTEMPORARY LIFE OF AKBAR 
IN SANSKRIT. 

A PRELIMINARY NOTE 

Amabanatha Jha, M. A., Reader in English. 

On December 3, 1883, in the Mackenzie Collection, 
a manuscript described as “ Sarvadeshavrittantasangraha ” 
or “Akbar Nama” was acquired for the India Office 
Library. It remained practically unknown till in an 
obscure corner of his remarkable biography of Akbar, 
the late Mr. Vincent Smith mentioned it. Thanks to the 
munificence of the Hon’ble the Maharajadhiraj of Darbhanga 
and the courtesy of my esteemed friend, Dr. F. W. Thomas 
of the India Office Library, a photograph of the 
manuscript is before me. In the present paper I shall 
give a brief account of this manuscript. It is clearly 
not written by the author as there are copious errors 
of transcription, and the character is Devanagari. The 
original manuscript would almost certainly have been in 
the Maithili character. 

It begins thus. (I am reproducing the original 
exactly as it is; the corrected version and suggestions 
must wait) : 

sftiwNr ii vrgm (?) i 

smresr 3#*; 11*11 

*? 5 <Tif*ra ^ 5 : n*n 
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And so on for ten tiresome pages of more or less 

obscure verses. On Page 11a we have the following: 

spam*** 5»p«nf%«nrif 

*sraftrctfin firtir kr%5jg?5n*ir§f %<srfo «” 

At the bottom of 18a occurs this : 

“*m srcnsraft i psft 

*rerr£r sRjg: i isftwf^gsrFKt ar^st^ s?«f? qik*rT£: i 

« gs«u? nkstnus; h srtf# g? *«? *nft qrrfiwnfRj; i 
tr ^msrksifirafa: t h §«f?rr i *r gfwi^iafcf: i 

*r Tfkm^ i h snffcs i *r mfbu?imfccr: i ?r 

i h I h i « *>*ramt#rok: i « 

^TuftswR: i «r i a ^r^rgftsrftfig: I sr NHSr^k; i 

H I *3 I Sf H ^BT«T wf U: I ?T 

«rkn i” 

and for thirty generations more Akbar’s ancestry is 
traced, until the biographer mentions Adam, and there 
he stops. Then he discusses the time that, according to 
various beliefs, has elapsed since creation. 

On Page 14a an anecdote is described thus: 

•JjlNt =3 ?Nhk$hi S£T swfo I 

*j<r*raNr *r i * s*n<m $araf« 3$9 srnr&sr 
ipiTO: i aw i wfofosf «WRf TTtiifHat^urqi *3351 

srrskwgtersr srerar??* i $r u^?pr ^rfh uril «*f 

f^rat i spn %?* 4rc?fiWi$# ?mtf !pd fasdfwffu 

wniNWsfa qid^?^m?T5?jra*?r 6ftnflra: f ^tg^sr gs^ftr aj$srr 
*gpr <f?ffcrfc*w? =epe; t” 

That is followed by an account of Babur, who is 
referred to as fow#?w$r?ft and of Humayun who is 
described as sramsrwft — a curious blend of languages. 

The manuscript runs up to about 250 pages, but is 
incomplete. Its value historically cannot be determined 
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until it is more carefully examined and compared with 
the Ayeen-i-Akbari ; but its literary interest is certainly 
great. The author of it is the famous Mahesha Thakkura, 
the well-known writer and commentator on Nyaya who 
obtained from Emperor Akbar the grant of the territory 
included under the present ‘Darbhanga Raj.’ It is 
almost unique as a mediaeval biography on such a large 
scale ; the efforts at accuracy are obvious, and it should 
be of interest to consider what new information the book 
supplies or what fresh light it throws on the period it 
deals with. The following may be quoted as a specimen 
of the style in which the work is written : 

“«5 S m i srraf sjshr 

jrfmsshrpmsreir srwffa: i” 

The manuscript comes to an end with these words : 

wtapwfrnwira 
qwsr | I WIRFWg l” 

I hope, before very long, to edit this manuscript 
with an introduction, translation and copious notes. 
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THE MANASARA AND VITRUVIUS * 

P. K. AOHARYA, M. A., Ph.D., D. Lit,, I. E. S„ 
Professor of Sanskrit. 

The name Manasara is of ambiguous significance. 
The treatise bearing this name is the standard Vastu-Sdsira. 
The identity of its author or the date of its composition 
is yet unsettled. It deals in a systematic manner with 
architecture. In the Vastu-Sdstra the term architecture is 
taken in its broadest sense and implies what is built or con- 
structed. Thus in the first place it connotes all kinds of 
buildings: religious, residential, and military; and their auxiliary 
members and component mouldings. Secondly, it implies 
die town-planning; laying out gardens; constructing market- 
places including ports and harbours; making roads, bridges, 
gate- ways, triumphal arches; digging wells, tanks, trenches, 
drains, sewers, moats ; building enclosure walls, embankments, 
dams, railings, landing-places, flight of steps for hills and 
bathing ghats, and ladders. Thirdly, it denotes articles of 
furniture such as bedsteads, couches, tables, chairs, thrones, 
wardrobes, baskets, cages, nests, mills, conveyances, lamps, 
and lamp-posts for the streets. It also includes the making 
of dresses and ornaments such as chains, and crowns and 

*This is a chapter of a book ■ named S'ilpa-Sdstra which is in 
course of publication in the Government Press. 

1. Etymologically the term Manasara implies ‘the essence 
of measurement ’ — Sara meaning * essence ’ and mana ‘measurement.’ 
In the treatise itself the term is used in different senses, 
namely, a generic name for the professors of architecture, a personal 
name of an architect, and the title of a treatise. In the Dam- 
Kumara-Charita of Dandin Manasara is the name of the king 
of Mahva. 

For further details see Preface to the first edition of the 
Manasara by the present writer. 
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head-gears and foot, and arm wears. Architecture also 
includes sculpture and deals with carving of phali, idols 
of deities, statues of great personages, images of animals and 
birds. As preliminary matters it is also concerned with 
the selection of site, testing of soil, planning, designing, 
finding out cardinal points by means of a gnomon, dialing, 
and astronomical and astrological calculation. 

In 1834 in his essay on the architecture of the 
Hindus Ram Raz referred to the first few chapters of the 
Manasara from a single fragmentary manuscript he had 
access to. Since then several manuscripts have been discovered 
but owing to some great difficulties set forth elsewhere 
no body had made any attempt to deal with this huge 
text in any way for a period of 80 years when the 
present writer undertook the work in 1914. The text, as 
known from the eleven badly preserved manuscripts on 
which the first edition of the present writer is based, is 
written in five different scripts 1 , has undergone five recen- 
sions and comprises more than 10,000 lines of a language 
rightly branded by 'Dr. Biihler (and Sir R. G. Bhandarkar) 
as “barbarous Sanskrit.” 2 Sketches or illustrations of any 
kind are absolutely wanting in all the available manuscripts. 
There are, besides, no commentaries on the texts, nor could 
any body make an attempt to translate any of the texts 
into English before the translation of the Manasara into 
English by the present miter, mainly because there had been 
no dictionaries, before the compilation of the Dictionary of 
Silpa- Sashas by the present writer, dealing with the architec- 
tural terms which necessarily abound in the Mansaro and 
other texts on architecture. 

Vitruvius is the name of a Roman architect. His 
treatise is the standard work on European architecture. 

1. G-rantha, Tamil, Telugu, Malayalam and 

2, Epigrapliia Indiea Vbl. I. p. 377. 

Indian Antiquary Vol. XII. pp. 140, HI. 
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“ Among the ancient authors he is merely mentioned by 
Pliny as one of those writers from whom he compiled; 
and by Frontinus, in his treatise on Aqueducts, as the 
first who introduced the Quinarian measure. ” 

His treatise seems to have been composed twenty- 
five years before the Christian era. The title of this treatise 
is lost, if it originally had one. The Editio princeps 
printed at Borne in or about 1486 bears no title. The 
unique position of this treatise is, however, sufficiently clear 
from the fact that since its first appearance in the fifteenth 
century there have been till 1807 forty-two editions of the 
work practically in all the European languages. There are 
seventeen editions in Latin, eleven in Italian, two in Spanish, 
six in French, four in German and two in English. 1 
The treatise is divided into ten books which do not 
bear any titles. Each book contains a number of chapters 

1. See Gwilt Encyclopedia of architecture, XV — XXV, for 
fuller details of the following : — 

Latin editions. — 

1486 — Editio princeps printed at Rome by George Herolt 
begins without a title — sulptius lectori salutem. Polenus says 
“there are but few errors in this edition. ” 

1496 — Printed at Florence, according to Fabricus, the ortho- 

graphy of this edition is more correct than the 
preceding* one. 

1497 — The name of the editor does not appear. With a few 

slight variations this is little more than a reprint 
of the Florence edition. In this the chapters of the 
first book are differently divided from those of the 
two former editions, 

1511 — This is the first illustrated edition. It contains many 
wood-blocks and figures. Jocundus (the editor) altered 
the text of the two former editions in many places. 

1513 — The figures in this edition arc the same as the preceding, 
but considerably reduced and more imperfectly kept. 

1522 — This is a reprint of the preceding edition with the 
same blocks for the figures. 
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varying from seven to twenty-two. The chapters also have 
not got any proper titles. The treatise deals with both 
the civil and military architecture. The rules respecting mili- 
tary engines, “now incomprehensible, but doubtless in Ms time 
sufficiently clear,” are laid down in the last book. ..The 

1523 — This was probably edited by Will Hayon of Lyons. 
This is counter of the Giunta edition. Some of 
its figures are taken from the first Italian edition 
of 1521 which is noticed herein after. 

1543 — The text is nearly the same as that of Jocundus. 
The figures of the wood-blocks are partly borrowed 
from the Giunta edition and partly from the Italian 
edition of 1521. 

1550 — The text is the same as that of the 1543 edition. 
But it contains notes of Philander which were 
first published at Rome in 1544. 

1552 — “ Philander himself superintended this edition, chiefly 
following the Giunta text, ! which he collated with 
several MSS. The wood-blocks are better than 
any preceding edition. ” 

1567 — Barbaro in this seems to have mostly followed 
Philander’s edition of 1552. 

1586 — “Harwood says that the editor of this edition was 
Jo, Tornaesius junior, and that it is more correct, 
though less elegant than that produced by the 
father in 1552.” 

1649— With commentary of Meibomius on those chapters 
relating to musical notation. This was the best 
edition of the author produced at that time. 
“ De Lact professes to follow the text of Philander’s 
edition, but neither was this accurately done, nor 
were the notes of Philander, nor the Lexicon of 
Baldus given entire, as the title would import.” 

1758 — By Marehese Berardo Galiani at Naples with an 
Italian version noticed under the Italian editions. 
Harwood gays this'- is “a fair and valuable edition.” 

1800 — The text of this edition is of little value. Nor 
its plates well executed. It has no notes appended 
but it contains the glossary in five languages. 
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civil architecture comprises both temples and residential 
buildings. “That he should have met with opposition from 
his brethren is quite consonent with later experience, for 
the rabble of ignorant builders, and artisans, and draftsmen 
are of the same class as those that flourished subsequently 
to Vitruvius.” From this remark of Gwilt it appears 
that Vitruvius was induced to “write his treatise with a 
view to assisting the uneducated professional architects” 
who like those of India depended solely on the knowledge 
handed down to them from their equally uneducated 
forefathers. 

‘ Certain points of similarity between the Manasara > 
and the treatise of Vitruvius are so striking as to raise 
the presumption that the two works are in some way 
dependent on each other.’ This thesis is proposed to be 
illustrated in this article. 

Practically seven-tenths of both the works are avowedly 
architectural : 

1807 — It contains notes. 

1807 — In the same year another edition was published. 

The second and third volumes are devoted to 
commentaries on the text. It contains, however, 
no plates. “This is the best edition of the author 
which has appeared. ” 

Italian editions — 

1521 — This is one of the earliest and rare versions of Vitruvius. 

It was translated with the assistance of Benedict 
Jovius by Gaesar Caesarianus who was one of the 
architects of the Cathedral of Milan. One of the 
plates contains a plan and two sections of this 
Cathedral. 

1524— This is a repetition of the preceding edition but 
without the notes of Caesar Baesarianus. 

1535 — This is copied from the preceding edition, but the 
index is not quite so copious. 

1536 — A translation of the first five Boohs. Perugia. 

1556 — With Barbara’s commentary. 


4 
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Out of seventy chapters of the Manasara the first 
fifty deal with architecture proper, and out of ten books 
of Vitruvius, the first seven deal with the same 
subject. 

The remaining twenty chapters of the former are 
devoted to sculpture and the remaining three books of 
the latter deal mostly with war instruments, machines, 

1567 — With Barbors’s commentary. 

1584 — “ Similar to the preceding edition.” 

1629 — “ Very similar to the preceding edition.” 

1641 —Little differing from the preceding. 

1758 — In Napoli, accompanied with the Latin text. 

1790— Another edition by Galiani, similar to the preceding but 
without the Latin text. 

Spanish editions — 

1602— Without plates. 

1787 — Large folio with plates. 

French editions — 

1547 — First version in French, Jan Martin, Paris. 

1572 — A reprint of the preceding, Cavellat, Paris. 

1618 — Printed from the two preceding editions by Gean de 
Tournes at Geneva. 

1673 — Translated by Perrault. Figures are numerous and 
well executed. 

1684 — With plates, best Perrault’s editions. 

1816 — With plates. Bruxelles. 

German editions — 

1548 — With plates on wooden blocks cut by Frard Sehoen, 

1575 — A repetition of the preceding Basil. 

1614 — Another repetition with a little different title. 

1796— With a life of Vitruvius in the first volume. This 
edition contains many illustrations of the author. 

English editions — 

1771— Translated from original Latin by Newton, London. 

1791— Second volume with many plates. 

It exhibits defective knowledge of Latin ; but notes are good. 

Latterly a portion was translated by Wilkins. 

After Joseph Gwilt’s translation there have been several 
other editions in English. 
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and engines. Of the similar seven-tenths in both the 
works, names of many chapters and the contents too in 
most instances are the same. 

The Manasara opens, following the usual custom, 
with a prayer to the Creator Brahma and touches upon 
the origin and development of the science of architecture, 
from Siva, Brahma, Vishnu through Indra, Brihaspati, 
Narada to the class of Rishis called Manasara, and 
concludes the introduction with a list of the chap- 
ters. 

Vitruvius, too, opens with a prayer, to his patron, 
Caesar, and acknowledging his obligations to Caesar’s 
father and sister, concludes with a proposal to give an 
account of the magnificent edifices Caesar had built and 
to develop all the principles of the art 

The next chapter (II) in the Manasara deals with 
two distinct subjects, the system of measurement (mano- 
pakarana ) and the requisite qualifications of an architect 
(Silpi-lakshana.) 

The corresponding chapter is marked I instead of 
II by Vitruvius, because the preceding chapter goes 
without any numbering as it is called introduction. 
This present chapter deals exactly like the corresponding 
chapter in the Manasara with two distinct subjects under 
the heads, “what architecture is” and “of the education 
of an architect.” The former of these two subjects has 
again been treated in the chapter following, namely, HE, 
of the Manasara and is noticed below. The striking 
similarity in the training demanded of the architect 
by the two authorities may conveniently be compared 
here. 

According to Vitruvius “ an architect should be 
ingenious, and apt in the acquisition of knowledge. He 
should be a good writer, a skilful draftsman, versed 
in geometry and optics, expert at figures, acquainted 
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with history, informed on the principles of natural and 
moral philosophy, somewhat of a musician, not ignorant 
of the sciences both of law and physics, nor of the 
motions, laws, and relations to each other, of the heav- 
enly bodies.” The absolute necessity for these qualifi- 
cations has been very satisfactorily elaborated by Vitru- 
vius. 

In the Manasara artists are first divided into four 
classes ; they together form the guild of architects, each 
an expert in Iris own department but possesses a 
general knowledge of the science of architecture as a 
whole. They consist of the chief architect {jsihapati), the 
draftsman or the « designer ( tutra-grahin ), the painter 
(' vardhctki ) and the joiner ( sutra-dhara ). 

According to the Manasara the chief architect is 
expected to be well-versed in all the sciences. He must 
possess a knowledge of all the Vedas and all tire Sastras. 
He must be proficient in law, mathematics, history, geogra- 
phy, painting, draftsmanship, mechanics, and expert in the 
ocean of the science of architecture. He must be very 
learned, meritorious, patient, and dexterous, a champion of 
large experience, of industrious habit, and of noble descent, 
full of resources and capable of application to all works. 
He must possess a wide outlook, bold temperament, and 
self-control. Ho must be above committing errors. He 
must have a good name and be faithful to his employers 
(lit. friends). He must be endowed with all the qualifica- 
tions of a supreme managing director. He must not be 
deformed or have any disease or disability; he must also 
be free from the seven vices, namely, hunting, gambling, 
day-dreaming, black-mailing, addiction to women, etc. 

A similar set of qualifications has also been demand- 
ed of the other three artists; but mtragrahin is expected 
to possess expert knowledge of draftsmanship, the vardhaki 
of painting, and the dUradhdra of carpentry. 
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The utility or the possibility of so many attainments 
in a single person has not been expressly discussed in 
the Manasara. But Vitruvius has submitted an interesting- 
explanation in conclusion. 

It is familiar to every body that for success in any 
profession in life one must be clever, industrious, honest 
and generous. It is also easily understood that an architect, 
who has got to do both manual and brain work, must 
not be deformed and must be free from all diseases and 
disability. 

According to Vitruvius he is required to be a good 
writer also, because an architect is to commit to writing 
his observations and experience, in order to assist his 
memory. Drawing is employed in representing the forms 
of his designs. Geometry, which forms a part of mathema- 
tics, affords much aid to the architect; to it he owes the 
use of the right line and circle, the level and the square, 
whereby his delineations of buildings on plane surfaces are 
greatly facilitated. Arithmetic estimates the cost, and aids 
in the measurement of the works; this assisted by the 
laws of geometry, determines those abstruse questions where- 
in the different proportions of some parts to others are 
involved. The science of optics enables him to introduce 
with judgment the requisite quantity of light according 
to the aspect. Unless acquainted with history he will be 
unable to account for the use of many ornaments which 
he may have occasion to introduce. For history the 
expression ‘purana’ is used in the Indian literature and it 
implies mythology or mythological stories which are as a 
rule depicted in the buildings of a nation. There are, 
however, other uses of history for an architect. 

“Moral philosophy,” says Vitruvius, will teach the 
architect to be above meanness in his dealings, and to 
avoid arrogance; and will make him just, compliant 
and faithful to his employer; and what is of the highest 
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importance, it will prevent avarice gaining an ascendancy 
over him; for he should not be occupied with the 
thoughts of filling his coffers, nor with the desire of 
grasping everything in the shape of gain, but by the 
gravity of his manners and a good character, should be 
careful to preserve his dignity.” These precepts of 
moral philosophy are prescribed by our Indian authorties 
almost in the same terms. We have seen above that 
the architect is required to be of noble descent, pious 
and compassionate. He must not be malicious or spiteful. 
He must be content and free from greed. He must be 
truthful and possess self-control. He must be above the 
seven vices. He must be faithful to his employer. He 
must not have excessive desire for gain. He must be 
of good behaviour and generous enough to forgive his 
rivals. 

The doctrine of physics is necessary to him in the 
solution of various problems; as for instance, in the 
conduct of water, whose natural force, in its meandering 
and expansion over fiat countries, is often such as to 
require restraints, which none know to apply but those 
who are acquainted with the laws of nature. This matter 
too has been more exhaustively discussed in various 
chapters of the Manasara. 

“Music assists him in the use of harmonic and 
mathematical proportion.” In these matters, the Manasara 
is rather too elaborate ; in most individual cases, nine 
proportions have been suggested and the selection of the 
right proportion and harmony has been made dependent 
on the application of the six formtihe, which arc treated 
in a very technical manner based on mathematics. According 
to Vitruvius, music is moreover absolutely necessary in 
adjusting the force of the baliske, catapult* and scorpions 
in whose frames are holes for the passage of the homo- 
tona, which are stained by gut-ropes attached to windlasses 
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worked by hand-spikes. Unless these ropes are equally 
extended, which only a nice ear can discover by 
their sound when struck, the bent arms of the engine 
do not give an equal impetus when disengaged, and the 
strings, therefore, not being in equal states of tension, 
prevent the direct fight of the weapon. A knowledge of 
music is especially useful to the architect in building 
theatres, lecture rooms, and such other halls where the 
spread of sound is taken into particular consideration. 
Both Vitruvius and Manasara are equally enthusiastic in 
speaking about it The former, further, says that the 
architect “would, moreover, be at a loss in constructing 
hydraulic and other engines if ignorant of music.” “Skill 
in physics enables him to ascertain the salubrity of differ- 
ent tracts of country, and to determine the variation of 
climates, for the air and water of different situations, 
being matters of highest importance, no building will be 
healthy without attention to those points.” Most elaborate 
description on the selection of site and the examination 
of soil is given in the Manasara and other architectural 
treatises*. The salubrity of the tracts is minutely 
ascertained with reference to the site where a village, 
town, fort, palace, temple, or dwelling house is to be 
built. The soil is examined with regard to its shape, 
colour, odour, features, taste, and touch. The elevation of 
the ground as well as the luxuriant growth of certain plants, 
trees, and grasses on the ground are also minutely examined. 

“ Law should be an object of his study, especially 
those parts of it which relate to party-walls, to the free 
course and discharge of the eaves’ waters, the regulations 
of cess-pools and sewage, and those relating to window 

*Brihat Samhita, Garga, Visvak, Kfuayapa, Vastu-ratnavali, 
Vasishtha Samhita, Vastupradlpa, Narada, Griha-karika, Bhfign, 
Sllpa-dipaka, Bhavishya Parana. (See quotations from these works 
in the writer's dictionary of the Silpa Sastra.) 
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lights. The laws of sewage require his particular attention, 
so that he may prevent the employers being involved in 
law-suits when the building is finished. Contracts, also, 
for the execution of the works, should be drawn up 
with care and precision, because, when without legal 
flaws, neither party will be able to take advantage of 
the other.” 

Law as explained by Vitruvius is not mentioned 
in the list, in so many words, of accomplishments given 
in the Vastu-sastras quoted above. But most elaborate 
instructions are given in the Artlmsastra and other treatises 
on the party-walls, sewage system, windows and other 
openings.* 

“Astronomy instructs him in the points of the 
heavens, the laws of the celestial bodies, the equinoxes, 
solstices, and courses of the stars ; all of which should be 
well understood in the construction and proportions of clocks.” 
In the Vastu-sastras dialing is an important subject; but 
astronomy, which is always mixed up with astrology, 
has been drawn upon particularly with regard to the 
auspicious moment inyariably observed in almost all 
matters. 

Vitruvius has added an explanatory note on the 

expression, ‘all sciences’, of which the architect is required 

to have sufficient knowledge. This explanation will 

indeed throw a clear light upon a similar expression, 

‘ Sarva-Sastra,’ used by the Indian authorities. But for 

the following note of Vitruvius, we would have taken the 
/ 

term Sarva-Sastra as an exaggeration which is very 
often found in the Sanskrit literature to imply nothing 
more than general knowledge. 

“Perhaps, to the uninformed mind,” begins Vitruvius, 
“it may appear unaccountable that a man should be 


♦See quotations under Bhu-parikshil in the writer’s dictionary. 
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able to retain in his memory such a variety of learning; 
but the close alliance with each other, of the different 
branches of science, will explain the difficulty. For as 
a body is composed of various concordant members, so 
does the whole circle of learning consist in one harmonious 
system.” c On this account, Pythius, the architect of the noble 
temple of Minerva at Priene, says, in his commentaries, 
that an architect, should have that perfect knowledge of 
each art and science which is not even acquired by the 
professors of any one in particular.’ This seemed rather 
too much to Vitruvius ; so he asks, “ how can it be 
expected that an architect should equal Aristarchus as a 
grammarian, yet should he not (sic) be ignorant of 
grammar. In music, though it be evident he need not 
equal Aristoxenus, yet lie should know something of it. 
Though he need not exceed, as Apelles, in painting, nor 
as Myron or Polycletus, in sculpture, yet he should have 
attained some proficiency in these arts.” 

“Thus also, in other sciences,” concludes Vitru- 
vius, “it is not important that pre-eminence in each be 
gained, but he must not, however, be ignorant of the 
general principles of each. For in such a variety of 
matters, it cannot be supposed that the same person 
can arrive at excellence in each, since to be aware of 
their several niceties and bearings, cannot fall within his 

power Wherefore Pythius seems to have been in 

error, forgetting that art consists in practice and theory. 
Theory is common to, and may be known by all, but 
the result of practice occurs to the artist in his own art 
only. The physician and musician are each obliged to 
have some regard to the beating of the pulse, and the 
motion of the feet, but who would apply to the latter to 
heal a wound or cure a malady ? So, without the aid 
of the former, the musician affects the ears of his 
audience by modulations upon his instrument. The 
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astronomer and musician delight in similar proportions, 
for the positions of the stars, which are quartile and 
trine, answer to a fourth and fifth in harmony....” 
Throughout the whole range of art, there are many 
incidents common to all. Practice alone can lead to 
excellence in any one. That architect, therefore, is suffi- 
ciently educated, whose general knowledge enables him to 
give his opinion on any branch when required to do so. 
Those unto whom nature has been so bountiful that 
they are at once geometricians, astronomers, musicians, 
and skilled in many other arts go beyond what is 
required of the architect. 

No more observations are perhaps necessary with a 
view to reasserting the striking similarities between the 
Manasara and Vitruvius on this point. This series of 
similarities between the injunctions of the two standard 
works on such an important matter as the training of 
the architect, the very soul of architecture, seems to have 
been due to something more than mere accident. 

The next chapter (III) in the Manasara, called 
Vastu-praJcarana defines vastu or habitation and divides it 
into four classes, ground, building, conveyance and couch 
(dharci, harma, yana, and paryhha). 

Chapter (IV) called, Bhumi-parVcsha, examination 
of soil, deals with the site where a village, town, fort, 
palace, temple, or dwelling is to be built and examines 
the soil thereof with regard to shape, colour, odour, 
features, taste, touch; the elevation of the ground; and 
the luxuriant growth of certain plants, trees, and grasses. 

Chapter (V) called Bhumi-samgraha, selection of 
site, deals further with the soil before it is finally selected 
for a building site. 

The next chapter (VI) considers the orientation of 
buildings, and recommends that the building should prefer- 
ably face the east or north-east, and never the south-east. 
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Reasons have not been discussed fully beyond stating that 
this is auspicious or that is inauspicious. Incidentally, the 
principles, mechanics, and details of dialing have been 
exhaustively discussed. 

The following chapter (VII) discusses the design 
or divisions of the selected site for a village, town, or 
house, into a number of plots. Thirty-two schemes are 
distinguished, each of which is divided into squares of 
various numbers. 

Following the usual custom this introductory section 
concludes with a chapter (VIII) on offerings to various 
deities. In this matter too the chief architect takes a 
leading part. 

The corresponding chapter (II) of Vitruvius is called 
“of those tilings on which architecture depends.” It deals 
with the fitness (ordination) and arrangement (disposition) 
also proportion, uniformity, consistency, and economy and 
is divisible into three heads iehonography, orthography, and 
scenography which considered together constitute design. 

The next chapter (III) is called “the different 
branches (building, dialing, and mechanics) of architecture,” 
and the chapter following (IV) is named “the choice 
of healthy situation” which deals with climatic condition 
and elevation of the building site as well as with its 
aspects or orientation. Unlike the Manasara the consider- 
ation of fogs, rains, heat, and cold, which are peculiarities 
of the European countries, has been given prominence to. 
The explanations of aspects recommended are satisfactory. 
“A city on the sea-side,” it is stated, “exposed to the 
south or west will be insalubrious ; for in summer mornings, 
a city thus placed would be hot, at noon it would be 
scorched. A city also with a western aspect would even 
at sunrise be warm, at noon hot, and in the evening of 
a burning temperature. Hence the constitution of the 
inhabitants of such places, .from such continual and 


36 


ATUATTARAT) UNIVERSITY JOURNAL 


excessive changes of the air, would be much vitiated,” 

(page 14). After citing opinions of physicians and others 
and supporting by illustrations, it is further stated “ When, 
therefore, a city is built in a marshy situation near the 

sea coast, with a northern, north-eastern, or eastern aspect, 
on a marsh whose level is higher than the shore 'of the 
sea, the site is not altogether improper; for by means of 
sewers the waters may be discharged into the sea: and 
at those times, when violently agitated by storms, the 
sea swells and runs up the sewers, it mixes with the 
water of the marsh and prevents the generation of 
marshy insects; it also soon destroyes such as are pass- 

ing from the higher level, by the saltness of its water 
to which they are unaccustomed.” The frequent men- 
tion of sea-side, it is needless to point out, is due to 
the situation of the prominent Italian cities on the 
sea-shore, and of Rome in particular, which was the 

object of special study to Vitruvius. 

Vitruvius has also elaborately treated the subject 
of dialing in as many as four chapters (Bk. IX. chapters 

i, n, viii, ix). 

In this matter of dialing, as in many others, 
Vitruvius of course differs in certain details from the 
Manasara. For instance, regarding the principles of dial- 
ing each of the twelve months is, in the Manasara 
(VII), divided into three parts of ten days each and the 
increase and decrease of shadow are calculated in these 
several parts of the different months. Vitruvius (Book 
IX, chapter VIII), on the other hand, discusses “the 
principles of dialing and the increase, and decrease of the 
days, not the shadow thereof in the different months. 

•o'- ./ In both these works, therefore, this introductory 
section comprises exactly eight chapters which bear simi- 
lar titles and deal with the same subjects practically in 
the same wry. 
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Town planning is the next topic treated in both the 
works and it covers exactly two chapters both in Vitruvius 
(Book I, chapters VI, VII), as well as in the Manasara 
(chapters IX, X). 

The Manasara describes the subject under two heads, 
Grama-lakshana and Nagara-vidhdna, and three categories, 
village, town, and fort. Villages are divided into eight 
classes, called (Land aka, sarvatobhadra, ncmdgavarta, 
padmaka , svastiha, prastara, hdrmuha, and chaturmuJcha ; 
each of these as the names indicate, represents a particular 
design and layout. Towns are also divided into eight 
classes: rdjdhani, nagara, pura , nagari hheta, Jcharvata, 
hubjaka, and pattana. These refer more to the situation 
and distribution of buildings than to their shapes or 
designs. ' 

Forts are first divided into eight classes: sibira, 
vdhinimuha, sthdriiya, dronaka, samvidha or vardhaTca, 
Jcolaka, nigama, and skandavara. According to then 
situations, they are further classified into mountain fort 
{vanadurga), water fort ( jalu-durga ), chariot fort ratha- 
dicrga), gods’ fort ( deva-durga ), clay fort (panka-durga) 
and mixed fort (misra-durga). The mountain fort is sub- 
divided into three classes, as it may be built on the top of 
the mountain, in the valley, or on the mountain slope. 

According to the Manasara there is, however, not 
much difference between a village, a town, and a fort. The 
town is the extension of a village. And the fort is in 
many cases nothing more than a fortified town. There 
seems to be only this difference that a fort is cliiefly 
meant for purposes of defence, while a village or town 
is mainly intended for habitation and commerce. But the 
village scheme seems, all the same, to have originated 
from the plan of the military camp. y 

Each village is surrounded by a wall made of 
brick or stone. It is supported by ramparts. Boyond 
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this wall there is a ditch broad and deep enough to cause 
serious obstruction in the event of an attack on the 
village. There are generally four main gates at the 
middle of the four sides, and as many at the four 
corners. Inside the wall there is a large street running 
all round the village. Besides, there are two other large 
streets, each of which connects two opposite main gates. 
They intersect at the centre of the village where a public 
temple or hall is generally built 'for the meeting of the 
villagers. The village is thus divided into four main 
blocks, each of which is again sub-divided into many 
blocks by streets, which are always straight, and which 
run from one end to the other of a main block. The 
two main streets crossing at the centre have houses 
only on one side facing the street. The ground floor of 
these houses on the main streets consists of shops. 
Surrounding street also has houses only on one side. 
These houses are mainly public buildings, such as 
schools, colleges, libraries, guest-houses, liquor saloons. All 
other streets generally have residential buildings on both 
sides. The houses high or low are always uniform in 
make. The drains and sewers are made towards the 
sloping of the village. Tanks and ponds are dug in all 
the inhabited parts and located in such quarters as can 
conveniently be reached by a large number of inhabitants. 
The temples of public worship as well as the public 
commons, gardens, and parks are similarly located. The 
people of the same caste or profession are generally 
housed in the same quarter. The habitation of the dead 
body burners (chandalas) as well as the places for 
cremation are located outside the village wall to the 
north-west in particular. The temples of fearful deities 
such as Chamunda are also located outside the wall. 

A town may be situated from east to west or 
from north to south according to the position it occupies. 
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There should be one to twelve large streets in a town. 
It should be built near a river or a mountain and 
should have facilities for trade and commerce with 
foreigners. Like a village it should be furnished with 
walls, moats, ditches, gates, drains, parks, commons, shops, 
exchanges, temples, guest-houses, colleges, etc. Towns 
were largely inhabited by the king, his court, and the 
traders. 

Forts are also surrounded with strong walls and 
large and deep ditches. The wall is made of brick, 
stone, and similar lasting materials. It is at least eight- 
een feet in height and its thickness at the base is at 
least nine feet. The wall is provided with watch towers. 

The fortified cities are specially honoured with the 
palaces of the king, the princes, priests, ministers, and 
military officers. There are also humbler dwellings as well 
as courts of justice, arsenals, traders’ booths, shops, work 
artisans, various assembly halls, dancing halls, liquor 
saloons, and gambling halls. 

According to Vitruvius (Book I, chapter V) — 

“When we are satisfied with the spot fixed on for 
the site of the city, as well as in respect of the goodness 
of the ah, as of the abundant supply of provisions for 
the support of the population, the communications by good 
roads, and river or sea navigation for the transport of 
merchandise* we should take into consideration the method 
of constructing the walls and the towers of the city. 
From the exterior face of the wall towers must be 
projected, from which an approaching enemy may be 
annoyed by weapons, from the ambrasures of those towers, 
right and left, an easy approach to the wall must be 
provided against ; indeed they should be surrounded by 

* Compare (Chanakya’s saying)— srftiR: sfffiph' ?T3I 
?$ir: l nsr a?r sj ii 
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uneven ground, and tlie roads leading to the gates should 
be winding and turned to the left, from the gates. By 
this arrangement the right sides of the attacking troops, 
which are not covered by their shields, will be open to 
the weapons of the besieged.” 

“ The thickness of the walls should be sufficient 
for two armed men to pass each other with ease. The 
walls ought to be tied, from front to rear, with many 
pieces of charred olive wood; by which means the two 
faces, thus connected, will endure for ages . . . .” 

“The distance between each tower should exceed an 
arrow’s flight . . . . “The walls will be intercepted by 
the lower parts of the towers where they occur, leaving 
an interval equal to the width of the tower, which space 
the tower will consequently occupy. The towers should 
be made either round or polygonal. A square tower is 
a bad form, on account of its being easily fractured at 
the quoins by the battering ram; whereas the circular 
tower has this advantage, that when battered, the pieces 
of masonry, whereof it is composed, being cuneiform, 
cannot be driven in towards their centre without displacing 
the whole mass. Nothing tends more to the security of 
walls and towers, than backing them with walls or 
terraces; it counteracts the effects of rams as well as of 
undermining . . ” 

“In the construction of ramparts, very wide and 
deep trenches are to be first excavated ; the bottom of 
which must be still further dug out for receiving the 
foundation of the wall. This must be of sufficient thickness 
to resist the pressure of the earth against it. Then, according 
to the space requisite for draining up the cohorts in mili tary 
order on the ramparts, another wall is to be built within 
the former, towards the city. The outer and inner walls 
are then to be connected by cross walls, disposal on 
the plan after the manner of the teeth of a comb or 
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a saw, so as to divide the pressure of the filling in 
earth into many and less forces, and thus prevent the 
walls from being thrust out. (The materials are stated 
to be) what are found on the spot, such as square 

stones, flint, rubble stones, burnt or unburnt bricks.” 
(Book I, chapter V.) 

“The plan of the city should not be square, nor 
formed with acute angles, but polygonal; so that the 
motions of the enemy may be open to observation.” 
(Book I, chapter V.) 

“The lanes and streets (of which no details are given) 

of the city should be set out, the choice of sites for 

the convenience and use of the state remains to be 

decided on ; for sacred edifices, for the forum, and for 

other public buildings. If the place adjoins the sea, the 
forum should be seated close to the harbour; if inland, 
it should be in the centre of the town. The temple of 
the gods, protectors of the city, as those of Jupiter, 
Juno, and Minerva, should be on some eminence which 
commands a view of the greater part of the city. The 
temple of Mercury should be either in the forum or, 

as ‘also the temple of Isis and Serapis, in the great 
public square. Those of Apollo and Father Bacchus 
near the theatre. If there be neither amphi-theatre nor 
gymnasium, the temple of Hercules should be near the 
circus. The temple to Mars should be out of the city, 
in the neighbouring country, that of Yenus near to the 
gate. According to the revelations of the Hetrurian 

Haruspices, the temples of Yenus, Yulcan, and Mars 
should be so placed that those of the first be not in 
the way of contaminating the matrons and youth with 
the influence of lust; that those of Vulcan be away 

from the city, which would consequently be freed from 
the danger of fire; the divinity presiding over that 
element being drawn away by the rites and sacrifices 
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performing in his temple. The temple of Mars should 
be also out of the city, that no armed frays may 
disturb the peace of the citizens, and that this divinity 
may, moreover, be ready to preserve them from their 
enemies and the perils of war. The temple of Ceres 
should be in a solitary spot out of the city, to which 
the public are not necessarily led but for the purpose of 
sacrificing to her. This spot is to be reverenced with 
religious awe and solemnity of demeanour, by those 
whose affairs lead them to visit it.” (Book I, chapter 

m) 

It should be observed that in the Manasara eight 
distinctive plans of villages, and some twenty-five varieties 
of commercial cities and military forts have been described 
with all details. In town planning the Indian authority 
has recommended, almost all the suitable designs, square, 
rectangular, polyogonal. But vitruvius recommends only 
the polygonal one. In the matter of the disposition of 
temples within the city wall and outside, the two 
authorities very strikingly correspond. In both the treatises 
the fearful deities are similarly located outside the city 
wall. * 

The following seven chapters* (XI — XVII) in the 
Manasara serve the purpose of a preamble to the subsequent 
chapters dealing with buildings. 

The first of these (XI) is named, “ Bhumilamba” 
literally height of storey, in the Manasara. It is defined 
in the Kamikagama as the dimensions of the four sides. 
The contents of the chapter in the Manasara describe 
in detail the measurement of length, breadth, and height 
of buildings of one to twelve storeys assigned to persons 

*Of these seven introductory chapters the twelfth on 
foundation (garbha-nyfisa) should have been in place of the 
eleventh [which treats of dimensions of buildings (bhumi- 

lamba ) as in Vitruvius.] 
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of different ranks. The five forms, namely, square, 
rectangular, round, octagonal, and oval, are prescribed for 
buildings of different classes, jdti, chhavda, vikalka, and 
abhasa. These shapes are equally applicable to religious, 
military, and residential buildings. A palace of five to 
twelve storeys is stated to suit the emperor or the 

universal monarch, highest in rank among the nine 
classes of kings. Residences of one to three storeys 

are assigned to heir apparent and the chief feudatories, 
and so on. 

The title of the corresponding chapter of Vitruvius 
(Book VI, chapter VIII) is more significant. It is called 
Foims of houses suited to different ranks of persons.” 
As in the Manasara buildings are divided exactly into five 
classes, though the criteria of classification are different 
It is stated (Book III, chapter II) that “There are 
five species of temples, whose names arc, Pycnostylos, 
that is, thick set with columns : Systylos, in which the 
columns are not so close : Diastylos, where they are 
still wider apart : Araeostylos, when placed more distant 

from each other , Eustylos, when the inter -columnation 

is o£ tlie ^st proportion.” “ The conditions of temples 

are distinguished,” it is further stated, (Book III, chapter 
I) by their different forms. First, that known by the 
appellation In Antis, then the Prostylos, Peripteros, Pseudo- 
dipteros, Dipteros, and Hypaethros.” “ Circular temples are 

constructed, of which some are Monopteral others are 

called Peripteral” (Book IV, chapter VIII). 

As regards the distribution of buildings it is stated 
that (Book IV chapter III) “temples of the Doric order are 
erected to Minerva, Mars, and Hercules ; on account of whose 
valour, their temple should be of masculine proportions, 
and without delicate ornament. The character of the 
Corinthian order seems more appropriate to Venus 
Flora, Proserpine, and Nymphs of Fountains; because’ 
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its slenderness, elegance, and richness, and its ornamental 
leaves surmounted by volutes, seem to bear an analogy to 
their dispositions. A medium between these two is chosen 
for temples to Juno, Diana, Bacchus, and other similar deities, 
which should be of the Ionic order, tempered between the 
severity of the Doric and the slenderness and delicacy 
of the Corinthian order.” (Book I, chapter II.) As regards 
the secular buildings, it is laid down that “The houses 
of bankers and receivers of the revenue may be more 
commodious and elegant than those of persons of middling 
condition in life. For advocates and men of literature, 
houses ought to be still handsomer and more spacious, 
to suit the reception of persons on consultations. But 
for nobles, who in beating honours, and discharging the 
duties of the magistracy, must have much intercourse 
with the citizens, princely vestibules must be provided, 
lofty atria, and spacious peristylia, groves, and extensive 

walks, finished in a magnificent style If, therefore, 

houses are erected, thus adapted to the different classes 
of society...... there will be nothing to reprehend, for they 

will be suitable to their destination I have thus 

described,” concludes Vitruvius, “ the proportions of town 
residences as I promised. I shall now proceed to 
those of houses in the country.” (Book VI, chapter 

vni). 

It is needles to point out that the subject matter of 
this chapter is virtually the same in both the authorities. 
The small differences are due to the load conditions and 
requirements of the two different countries. 

The next chapter (XII), called Garbha~nya$a in the 
Manasara, deals with the foundations whereupon buildings, 
villages or tanks are built. The foundation is excavated 
in the best ground selected for a structure to the depth 
of a man’s height with uplifted arms. It is laid down 
that the bottom of the pit thus excavated must be 
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rocky or watery, in other words, it must reach rock or 
water. It implies that the best soil for receiving foundation, 
when it is not erected on water, is rock, gravel, or closely 
pressed sandy earth. 

The depth of the foundation-cave is equal to the 
height of the basement. The four comers and sides, 
built of brick or stone, are equal. This cave is filled 
with water and ten kinds of earth, such as earth from 
an ant-hill, a crab-cave, etc., is placed at the bottom, 
and closely pressed and hardened by means of wooden 
hammers shaped like the elephant’s foot. Portions of 
certain plants are then deposited on the four sides ; the 
root of the blue-lotus to the east, the root of white- 
lotus to the south, and so on. Upon these are placed 
grains of ten lands of cereals such as phaseolus mungo, 
phaneolus radiatus, dolichos uniflorus, sesamum idicum, and 
so on. The vault is built thereon, the details of which need 
hardly be repeated here. Upon such strong foundations, the 
strength whereof varies according to the weights of the build- 
ings above, various structures are constructed. “ When we are 
satisfied,” says Vitruvius (Book I, chapter V.), “ with the 

spot fixed on for the site of the city their foundations 

should be carried down to a solid bottom, if such can 
be found, and should be built thereon of such thickness 
as may be necessary for the proper support of that part 
of the wall which stands above the natural tend of the 
ground. They should be of the soundest workmanship 
and materials, and of greater thickness than the walls 
above.” The importance of solid ground is emphasised 
and it is again stated (Book III, chapter III): “If solid 
ground can be come to, the foundations should go down 
to it and into it, according to the magnitude of the work, 
and the substruction be built up as solid as possible. 
Above the ground of the foundation, the wall should be 
one-half thicker than the column it is to receive, so that 
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the lower parts which carry the greatest weight, may he 
stronger than the upper part...... Nor must the mouldings 

of the bases of the columns project beyond the solid. 
Thus, also, should be regulated the thickness of all walls 
above ground. The intervals between the foundations 
brought up under the columns, should be either rammed 
down hai’d, or arched, so as to prevent the foundation 
piers from swerving. If solid ground cannot be come 
to, and the ground be loose or marshy the place must 
be excavated, cleared, and either alder, olive, or oak piles, 
previously charred, must be driven with a machine, as 
close to each other as possible, and the intervals, between 
the piles, filled with charcoal. The heaviest foundations 
may be laid on such a base. 

These details so strikingly similar in both the 
authorities, can hardly be attributed to mere chance. 

The next four chapters (XIII — XVI) in the Mana- 
sara deal with the column and its different parts, pedestal, 
base, shaft and entablature, and their various mouldings. 
Vitruvius also treats the subject in exactly four chapters 
(Book III, chapter III, Book IV, chapters I — III). But 
the titles of the chapters are a little different; they are 
named in the Manasara, upapitlia or pedestal (XIII), 
adhishthana or base (XIV), stcmibha or shaft (XV), and 
prmtara or entablature (XVI) ; and Vitruvius calls them, 
‘columns and their ornaments’ (Book III, chapter III), 
‘origin of the three sorts of columns and the Corinthian 
capital’ (Book IV, chapter I), ‘ornaments of columns’ 
(Ibid, chapter II), and ‘Doric proportions’ (Ibid, chapter 
III). 

“Vitruvius, in the Doric, Corinthian, and Tuscan 
orders, makes no mention of pedestals, and in the Ionic 
order he seems to consider them rather as a necessary 
part in the construction of a temple than as belonging to the 
order itself” (cf. Book V. chapter VII). In the Manasara 
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twelve kinds of pedestals are described with detailed measure- 
ments of the various mouldings of each pedestal. A com- 
parison of these with similar details of pedestals, quoted 
in full in the writer’s Dictionary from European authorities 
other than Vitruvius, makes it clear that the Indian 
pedestals surpass the Greco-Roman pedestals in variety, 
beauty of proportion and the richness of ornament. 

As regards the base also there is in the Manasara 
a large variety of types, being sixty-four in number, 

described in detail with their mouldings and ornaments. 
A comparison of the details gathered together in the 
writer’s Dictionary will show that the Indian bases and 
pedestals also are made more systematically and afford 

a greater variety of proportions than those of the Greco- 
Roman orders. In European orders the forms and 

dimensions of both base and pedestal' are fixed by invariable 
rules with respect to the orders in which they are 
employed, while in the Indian orders the choice is left 
to the option of the artists. 

There are, however, more similarities between the 
Indian and the Greco-Roman entablature, consisting of four 
parts, capital, architrave, frieze and cornice. But the 

massiveness of the Indian entablature offers a striking 

contrast to the lightness of the Grecian. This is shewn 

by a comparison of details, given in the writer’s 
Dictionary, of eight kinds of Indian and some five kinds 
of Greco-Roman entablatures. 

But the point to be clear about is whether or not 
there is some fundamental resemblance between the Indian 
and the Greco-Roman columns as a whole. This is a 
crucial point; because the column in a building is stated 

by authorities to be the regulator of the whole composi- 

tion ; and it is the one feature of the ancient architecture 
which ‘illustrates its rise and progress as well as its 
perfection and weakness.’ 
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Like the five Greco-Roman orders, called Doric, 
Ionic, Corinthian, Tuscan and Composite, columns in ancient 
India were also divided into five classes or orders. 

In the Manasara they are called Brahma-kanta 
Vishnu-kanta, Rudra-kanta, Shiva-kanta, and Skanda- 
Icanta. These divisions are based on the general shapes. 
With respect to dimensions and ornaments they are 
called Chitra-karna, Padma-kanta, Chitra-stambha, 
Palika-stambha, and Kumbha* stambha. 

In the Matsya-purana, the Brihat Samhita, and the 
Kirana-tantra they are called Ruchaka, Vajra, Dvi-vajra, 
PraUnaka and Vriita. In the Supra-bhedagama the names 
of the five orders are Sri-kara, Chandra-kanta, Saumu- 
khya Priya-darsana and Subhankari. This last one is 
expressly stated to be the Indian composite order, being a 
compound ( misrita ) of Saumukhya and Priya-darsana , 
exactly like Greco -Raman Composite order, which is a 
compound of Corinthian and Ionic. 

Between the European and the Indian columns, 
there is a point of' difference. Of the Greco-Roman 
orders, the names of the five orders have been left unchanged, 
while in India the names of the five orders have varied 
in various treatises referred to above. It is true all the 
same that the criteria of divisions are essentially the same 
in all these authorities. This variation of the names of 
five orders can perhaps be explained away. The names of 
the Greco-Roman orders according to Vitruvius and other 
European authorities referred to in the Encyclopedia of 
Architecture by Gwilt are geographical. 

Doric is derived from the species of columns first 
found in the cities of Doria. That species of which the 
lonians or the inhabitants of Ion were the inventors has 
received the appellation of Ionic. Callimachus constructed 
columns after the model of the tomb in the country about 
Corinth; hence this species is called Corinthian. The 
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Tuscan order has reference to the country of Tuscany 
in Italy. The Composite is compound of Ionic and 
Corinthian. 

In India, on the other hand, the names of the orders 
were based on the shapes of the columns. And as the 
Indians are comparatively more spiritualistic and sentimen- 
tal rather than critical in temperament and imagination, 
they chose mythological and poetical names according to 
the spirit of the times when these various works were 
composed. Thus in the Manasara we see the orders bearing 
the names of mythological deities, Brahma, Vishnu, Rudra, 
Siva and Skanda; as well as the poetical names like 
Ghitra-karna (variegated ear), Chitrastambha (variegated 
shaft), Padma-lcdnta (graceful like lotus), Kumbka-stambha 
(jug-shaped shaft), and Pdlika-stambha (shaped like a 
measuring pot). In the Agama, the names are more 
poetical — Srikara (beautifying) ; Ghandrarkanta (graceful 
like the moon), Saumukhya (of a charming face), and 
Subhahkar (auspicious). In the Purana, the Brihat- 
samhita, and the Kirana-tantra, the names combine beauty 
and utility — Ruchaka (pleasing), Vritta (round and digni- 
fied), Vajra (beautiful and solid like the club). Dvi-vajra, 
(doubly so), and Prallnaka. 

With regard to the names and functions of the 
component parts of the column the variation is a little 
less marked. The number of these subservient parts, 
called mouldings and common to all orders, is very 
significant. Thus in the Manasara, which, of almost all 
the treatises, deals separately and exhaustively with the 
pedestal, the base, the column or shaft, and the entabla- 
ture, mention is made in connection with the pillar of 
five mouldings apparently of the shaft. They are called 
bodhikd, mushti-bandka, phalaka, taiikd, and ghata. But 
the total number of mouldings, when base, pedestal, and 
entablature are also taken into consideration is forty-seven. 
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The Supra-bhedagana describes two sets of seven mouldings ; 
one set referring to the column of the main building 
and the other to that of the pavilion. They are called respec- 
tively dancla, mandi, kantha, kurabha, phalakd, vlra-kantha, 
and potika, and bodhikd, uttara, vajana, murdhikd, tula, 
jayanti , and tala. This increasing number of mouldings has 
reached the significant number of eight in the Matsya-purana, 
the Brihat-samhita, and the Kirana-tantra, and bears the 
very same eight names — vcihana, ghata, padma, uttaroshtha, 
bdbulya, hdra, tula, and upa-tuld. 

The component mouldings of the Greco-Roman orders 
are also exactly eight in number ; and like the five orders 
themselves their names have remained invariable ever since 
their introduction, though most of them have been given 
more than one name. They are called (1) the ovolo, 
echinus, or quarter round; (2) the talon, ogee, or reversed 
cyma ; (3) the cyma, eyma-recta, or cymatiam ; (4) the torus ; 
(5) the seotia or troehilos; (6) the eavetto, mouth, or hollow ; 
(7) the astragal, and (8) the fillet, listel, or annulet. 

Some of the eight mouldings of the Indian order can 
be identified, with a reasonable certainty, with the corres- 
ponding mouldings of the Greco-Roman order. 

JPadma for instance implies lotus (petal), and cyma 
also suggests the same thing. Uttaroshtha, literally the 
lower lip, and the caveto, mouth, or hollow are apparently 
the same. Hdra, meaning chain, seems to imply the same 
object as the torus, bead or astragal. Ghata means a 
pot; it may correspond to the ogee, talon or reversed cyma. 
Vahana is that which supports anything, and the abacus 
also serves the same purpose; so they may correspond to 
each other. Tula and upa-tuld otherwise called vajana and 
uttara seem to correspond to the fillet, listel or annulet. 

The proportionate measurement of the columns is 
another important point of comparison. The details are 
discussed in the writer’s Dictionary. The first Indian sort 
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is six diameters high, the second seven diameters, the third 
eight diameters, the fourth nine diameters and the fifth ten 
diameters high. 

“Concerning the proportions of columns”, says Ram 
Raz (page 38), “ the second sort of column in the Hindu 
architecture may be compared with the Tuscan, the third 
with the Doric, the fourth with the Ionic, and the fifth with 
the Corinthian or Composite pillar.” He further adds, 
“ there are other columns in the Indian architecture, not only 
one diameter lower than the Tuscan, but one to two diameters 
higher than the composite.” Same is also the ease with the 
European columns. “ The orders and their several characters 
and qualities,” says Gwilt (2538), “ do not merely appear in 
the fixed species of columns into which they have been 
sub-divided, but are distributed throughout the edifices to 
which they are applied.” 

“ Both the Indian and Grecian columns are diminished 
gradually in their diameter from the base to the summit 
of the shaft, a practice which has never been observed in the 
Egyptian ; on the contrary, a diametrically opposite rule 
has been observed in their shafts, which are made narrower 
at the bottom than at the top. . . . The proportion in 
which the diminution at the top of the columns of the two 
former (Indian and Greco-Roman) is made seems to have 
been regulated by the same principle, though not by the 
same rule. The general rule adopted by the Hindu 

architects in this respect is, that the thickness at the 
bottom, being divided into as many parts as there are 
diameters in the whole height of the column, one of 

these parts is invariably diminished at the top ; but in 
the Grecian and Roman architecture, the diameter of the 
upper part of the shaft, in a column of fifteen feet 
in height, is made one-sixth less than its thickness at 
the base; and in a column of fifty feet, the diminution 
is one-eighth. The higher the columns are, the less they 
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diminish, because the apparent diminution of the diameter 
in columns of the same proportion, is always greater 
according to their height, and this principle is supposed 
to have been discovered with greater scientific skill, and 
is adduced as one of the proofs of the highly refined 
taste of the Greeks: but we observe that precepts derived 
from the same principle have been taught and practised 
in India from time immemorial.” 

The point at issue is not the actual identification. 
The striking similarities in the names of the mouldings, 
like padma or cyma, Tiara or bead, or in the names of 
orders like the Misrita or Composite may sometimes be 
attributed to inexplicable accidents. But in view of 
other striking similarities between Vitruvius and the 
Manasara, the classification of orders into exactly five ; 
and the division of subservient parts, called mouldings 
and common to all the orders, into eight and also the 
proportionate measurement varying equally from six to 
ten diameters, and tapering almost in the same way seems 
to have been due to some thing more substantial than mere 
chance. An influence, direct or indirect, of the one upon 
the other seems beyond doubt. I venture to think, 
further, that there might have been a relation of indebted- 
ness between the two authorities. 

The concluding chapter of this section in the Manasara 
deals- with joinery. No separate treatment has been 
accorded by Vitruvius to this subject. 

The next chapter (XVIII) in the Manasara is a 
summary of details concerning buildings of various storeys 
and kinds described in chapters XIX — XXX. The chapters 
following XXXI — XXXVI, deal with attached buildings 
of various descriptions and requirements. The chapter 
XXXVII refers to the first entry into newly built house. 
Doors are separately described in two chapters XXXVIII — 
XXXIX ; so also the royal palaces and courts are described 
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in chapters XL — XLII. Cars and chariots, couches, and 
thrones are treated in the next three chapters XLTTT — 
XL VI. Arches are separately described in chapter 
XL VII, so also the theatre ( Madhya-ranga ) is treated in 
chapter XLVIII. And this architectural portion of the 
Manasara ends with the descriptions of crowns (chapter 
XLIX) and of ornaments and articles of furniture 
(chapter L). 

The sculptural portion of the work (chapters 
LI — LXX) deals with the art of carving and measuring 
images. This portion practically comprises illustrations 
of the tala measures. Vitruvius, as we shall show 
presently, has not treated the subject, separately ; he has 
mixed it up with the architectural description. With 
regard to these subjects the comparison between the 
Manasara and Vitruvius need not be lengthy. Both 
these authorities in matters of detail must necessarily 
differ from each other even if the one were translaled 
from the other: because the local conditions and national 
requirements were entirely different regarding not only the 
residential buildings but also temples. On the broad lines 
of methods and principles, however, the comparison can be 
briefly continued with the expectation of fruitful results. 

Thus, in the Manasara, the whole compound of the 
house is divided into five courts (chapter XXXI), each of 
which is furnished with a gate-house (chapter XXXTTT ) 
and a large number of detached buildings is also built 
within each court (chapters XXXII, XXXVI, XIX— 
XXX). 

Vitruvius also divides the whole compound into exactly 
five courts (Book VI, chapters III — VII). “ There are,” 
says Vitruvius, “five species of courts ; which receive their 
names from their forms. The Tuscan, the Corinthian, 
the Tetrastylon (with four columns), the Displuviatum 
(open at the top), and the Testudinatuni (roofed).” 



54 ALLAHABAD UNIVERSITY JOURNAL 

In the Manasara also, it should be noted, five technical 
names have, been given to these five courts, anlarmandala 
(innermost court), anta-nihara (the second court), madhya- 
nihara (the middle court), prakara (the fourth court) 
after which the chapter has been named, and which is 
stated to be first introduced in the Manasara, though as 
many as seven courts are described in the Mriclichhaka- 
tika. The fifth one is called maha-maryada or ‘extreme 
boundary.’ Thus in the Manasara the courts receive 
their names from their situations, and not from their 
forms. Forms are discussed in the Manasara also. In 
fact the treatment of this subject like all others is by 

far the more exhaustive in the Manasara. Even the 

five gatehouses of the five courts have been treated at 

great length in a separate chapter (XXXIII) and given 

five technical names, dvara-sobha, beauty of the gate, 
belonging to the antarmandala or first court; dvara-sala 
(lit ‘gate-house of the second court), dvara-prasada (lit. 
edifice of the gate), dvara-harmya (lit. palace of the gate) 
and maha-gopura (lit. great gate-bouse). 

Within these courts buildings of different requirements 
have been similarly distributed by the two authorities. 
For instance in the Manasara chapter XXXVI is called 
Griha-midna-sthana vinyasa literally meaning 1 location 
and measurement of house, and chapter XXXII is called 
Parivara-vidhana, meaning the buildings for tire members 
of the family (of gods). The corresponding chapters (Book 
VII, chapters I, II, IX) are named by Vitruvius ‘situ- 
ation of buildings according to the nature of different 
places,’ ‘proportions of private buildings to suit the nature 
of the sites,’ and ‘proportions of houses in the country.’ 
Detached buildings situated both within the compound 
and outside have been described in the Manasara in two 
very large chapters (XXXIV, XXXV) called 3fan4apa 
and S’dla. The term Mandapa is used to imply first a 
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house or pavilion built in a village or on the bank of a 
sea, river, tank or lake ; secondly, all the detached buildings 
within a compound which is divided into five courts, lastly 
it implies various sorts of rooms in a temple or residen- 
tial building. Said also implies almost the same sort 
of buildings; but they are more commodious and their 
forms and twelve storeys are taken into special consideration. 
The chapter VI. (Book I) called by Vitruvius ‘distri- 
bution and situation of buildings within the walls ’ may 
be compared with ‘ Hand apa ’ and ‘ Said ’ with respect to 
general principles and methods. But Vitruvius’s treatment 
of the subject is comparatively brief. The similar extremely 
brief treatment of Vitruvius with regard to tin individual 
building also becomes obvious when his “Arrangement 
and parts of Grecian houses” and “Interior of the cell 
and the arrangement of Pranaos ” described in two small 
chapters (Book VI, chapter X, book IV, chapter IV) are 
compared with the exhaustive description of the similar 
subjects detailed in some thirteen chapters (XVIII — XXX ) 
in the Manasara. 

Doors are separately described by both the authorities. 
Vitruvius calls the chapter “Proportions of the doors of 
temples” (Book IV, chapter VI). In the Manasara the 
subject is treated in two chapters (XXXVIII, XXXIX), 
called ‘ Dvara-sthana’ (location of doors) and ‘ Dvara-mana’ 
(measurement or proportions of doors). Both authorities 
classified doors under three species. Vitruvius calls them 
Doric, Ionic, and Attic; and in the Manasara they are 
called Ghhanda, Vikcdpa, and Abhasa, Here is a striking 
point of similarity with respect to an important omission. 
In the Manasara the jdti class always goes with the other 
three classes mentioned here. Vitruvius has also omitted 
Corinthian and Tuscan which generally go with Doric and 
Ionic. In the Manasara the height of the door is stated 
to be, as a general rule, twice its breadth. “Their width,” 
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says Vitruvius, “is found by dividing the height into two 
parts and a half, and taking one and a half for the width 
below.” Single folded as well as double folded doors 
are mentioned in the Manasara. Vitruvius has referred 
also to four-fold doors. The Indian doors are properly 
decorated with foliated and floral ornaments as well as the 
images of deities. “These doors,” says Vitruvius, “are not 
to be inlaid (cerestrota), nor in two folds, but single 
folded, and to open outwards”. According to Vitruvius 
doors are generally constructed in the middle of the 
front wall. But according to the Manasara doors may also be 
constructed sometimes not in the centre of the frontage, but 
on either side of the middle. 

Windows are not separately described by Vitruvius. 
But in the Manasara a long description of them has been 
given at the end of the chapter XXXIII ; similarly an account 
of stair-eases, omitted by Vitruvius, is found in the Manasara 
at the end of the chapter XXX No separate mention has 
also been made by Vitruvius of arches to which subject an 
entire chapter (XLVI) has been devoted in the Manasara. 
Virtuvius has also left out the descriptions given in the 
Manasara of cars and chariots (chapter XLIII), couches 
(XLIV), thrones (XLV), crowns (XLIX), ornaments of 
the body and articles of house furniture (L), as well as 
the ornamental tree (XL VIII). 

In the Manasara, on the other hand, a very brief re- 
ference is made to a subject resembling a theatre, to which 
Vitruvius has devoted several chapters (Book V, chapters 
IE — IX). Vitruvius has not treated separately the royal 
palaces found in the Manasara (chapters XL — XLIi), which 
has, however, had no place in it for description of special 
buildings, such as Forum and "Basilica, treasury, prison, and 
curios,’ "harbours and other buildings in water’ (Book V, 
chapters I, II, XII). Building materials, though frequently 
mentioned, are not described in the Manasara in separate 
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chapters. Vitruvius has devoted some eight chapters 
to it (Book II, chapters III — X), bricks (compare 
Manasara, chapter XII last part), sand (M. XII), lime 
(M. LI), Pozzolona, stone quarries (M. XV), timber 
(M. XV) and firs, called Supernas and Infernas, and of 
the Apennines. 

Vitruvius deals with painting and preparations of 
colours in the most part of a book (VII) of fourteen 
chapters. This subject as well as Vitruvius’s books 
(VIII — X) on Instruments, Machines and Engines have 
had no place in the Manasara. In place of these matters 
some twenty chapters (LI — LXX) of the Manasara have 
been devoted to sculptural matters to which only the following 
brief and casual reference has been made by Vitruvius 
(Book HI, chapter I). 

“In truth they (symmetry and proportion) are as 
necessary to the beauty of a building as to that of a 
well-formed human figure, which nature has so fashioned, that 
in the face, from the chin to the top of the forehead, or to 
the roots of the hair, is a tenth part of the height of the whole 
body. From the chin to the crown of the head is an eighth 
part of the whole height, and from the nape of the neck to the 
crown of the head the same. From the upper part of the 
breast to the roots of the hair a sixth ; to the crown of 
the head a fourth. A third part of the height of the face 
is equal to that from the chin to the under side of the 
nostrils, and thence to the middle of the eyebrows the 
same; from the last to the roots of the hair, where the 
forehead ends, the remaining third part. The length of 
the foot is a sixth part of the height of the body.. 
The fore-arm a fourth paid. The width of the breast 
a fourth part. Similarly have the other members 
their due proportions by attention to which the 
ancient painters and sculptors obtained so much reputa- 
tion. ” 

8 
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“ The naval is naturally placed in the centre of 
the human body, and, if in a man lying with his face 

upward, and his hands and feet extended, from his 

naval as the centre, a circle be described, it will touch 
his fingers and toes. It is not alone by a circle, that 

the human body is thus circumscribed, as may be seen 

by placing it within a square. For measuring from the feet 
to the crown of the head, and then across the arms fully 
extended, we find the latter measure equal to the former; so 
that the lines at right angles to each other, enclosing the figure, 
will form a square.” 

“If nature, therefore, has made the human body so 
that the different members of it are measures of the whole, 
so the ancients have, with great propriety, determined that 
in all perfect works, each part should be some aliquot part 
of the whole ; and since they direct, that this be observed 
in all works, it must be most strictly attended to in temples 
of the gods, wherein the faults as well as the beauties remain 
to the end of the time.” This is all about the defects to 
which in the Manasara a whole chapter (LXIX) practically, 
one of the two concluding chapters of the work, is devoted. 
It is called ■ Ahga-dushana ’ literally ‘defects of the limbs.’ 
In both the authorities the subject is discussed in connection 
with sculptural objects, but curious enough, defects and conse- 
quent penalties concerning images and idols have been 
entirely left out both by Vitruvius and the Manasara. Both 
the authorities have referred to the subject concerning 
buildings only. This sort of similarities cannot -be due to 
mere chance. 

“It is worthy of remark,” says Vitruvius, “that the 
measures necessarily used in all buildings and other w'orks, 
are derived from the members of the human body, as the 
digit, the palm, the foot, the cubit, and that these form a 
perfect number, called by the Greeks, “Tfleios.” Phonetically 
this is same as the tala measure. In the above quotation 
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Vitruvius has briefly referred to only the eighth variety with 
which the male human figure is measured by the Indian 
authorities also. Details of the tala measures given in the 
writer’s Dictionary need not be repeated here. It should 
also be noted that in both the , authorities the face from 
the chin to the crown of the head is taken as the 
standard of all the tala measures which number ten in the 
Manasara. 

The last point of comparison between Vitruvius and 
the Manasara is in respect of the linguistic style. The 
importance of this point can hardly be exaggerated. We 
have already pointed out that Silpa-Sastras or architectural 
treatises in India were mitten in a very peculiar style. 
Sanskritists like Dr. G. Biihler and Sir R. G. Bhandakar 
have truly branded it as the ‘most barbarous Sanskrit’ 
The remark really means that all possible sorts of violation 
of the rules of grammar and rhetoric have been committed 

t 

in the language of the Silpa-Sastra. The matter has been 
discussed elsewhere in great detail which need not be 
repeated here. One of the theses presented by the 
writer before the Leiden University and passed in his 
favour by that learned assembly after long discussion 
was this: 

“The ungrammatical style of Sanskrit revealed in 
the branch of literature of which the Manasara is a 
representative, is due to the want of literary proficiency 
on the part of the professional architects, who seem to have 
been the authors of it.” With this the following apology, 
for. ungrammatical style, of Vitruvius (Book I, chapter I) 
may very fruitfully be compared. 

“ I beseech you, O’Caesar,” says Vitruvius, “ and those 
who read this my work, to pardon and overlook grammatical 
errors; for I write neither as an accomplished philosopher, 
an eloquent rhetorician, nor an expert grammarian, but 
as an architect : in respect, however, of my art and its 
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principles, I will lay down rules which may serve as an 
authority to those who build, as well as to those who are 
already somewhat acquainted with the science.” 

I cannot help thinking that if the writers of the 
Silpa-Sastra, generally, and the author of the Manasara in 
particular, were conscious of the nature of their style they 
would certainly have added to their treatises an apology 
like that of Vitruvius. I, further, hold that this ungram- 
matical style is a very extraordinary and striking 

similarity between the Manasara and Vitruvius, inasmuch 
as such similarities are possible' only in case of a 
literal translation or copying from one language to another 
by an unskilled hand. 

There is yet another curious similarity between 
Vitruvius and the Manasara. It is regarding the title 
of both the works. Both are hidden in a mystery. 

Vitruvius’s work bears practically no titles- It is called 
by his translators ‘The architecture of Marcus Vitruvius 
Polio.’ It has been pointed out in the preface that the 
term ‘Manasara’ also admits of various interpretations. 
For sage, Manasara is a very unfamiliar name. No such sage 
is mentioned in the various branches of Sanskrit literature 
except in tills newly discovered Vastu-Sastra. A king of 
Malwa, however, bore this name. As a derivative name, 
Manasara, meaning essence of measurement, and suitable 
for a work like this, might have some philological 
resemblance- with ‘ mensuration’. The derivative meaning 
of the term ‘Vitruvius’ is uncertain. The point, however, 
to which attention is invited, is the curious similarity 
between the treatise of Vitruvius and the Manasara 

in respect of the uncertain significance of their 

titles. 

There is also an uncertainty lurking over the ages 
in which the architecture of Vitruvius and the Manasara 
were composed. “It is likely that” the former “was 
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composed twenty-five years before the Christian era. ” 
This conjecture is based mainly on Vitruvius’s mention 
of his patron Julius Caesar. But there is no mention of 
anybody under whose patronage the Manasara might have 
been composed. 

The similarities so briefly outlined will be more 
convincing to those who have carefully studied both Vitruvius 
and the Manasara. 

Those who are, however, inclined to think like myself 
and refuse to attribute all these affinities to mere chance 
will be anxious to find out the connecting link between 
the two authorities. 

There is the expedition of Alexander the Great to 
explain the Grecian influence on the Gandhara sculpture. 
The ‘ questions of Menandar ’ may perhaps account for the 
title Milandaphana. There is again the Romaka-sidhanta 
to explain the influence of the Bo man astronomy upon the 
Indian Jyotisha-Jsastra, which had, however, already estab- 
lished itself as one of the six essential limbs of the Veda, 
the most ancient existing lore of human learning. Similarly 
the art of building, which is intimately connected with all 
living beings, was developed by the ancient Hindus at the 
early Vedic period. But the Silpa-Sastra, which is but an 
analysis and commentary of the art, was necessarily evolved 
much later. There are reasons to think that the Manasara 
is not the first work, where the ‘essence of measurement and 
the system of proportions ’ were codified in the form of 
Sastra, though it may be the standard treatise. 

Until, however, the missing link is found out, it is 
just possible to think that a third work or some' floating 
traditions might have influenced both these treatises. It 
wall, therefore, serve no useful purpose in trying to further 
develop the nature of the various similarities between 
Vitruvius and the Manasara. I would not, therefor^ 
hazard an opinion at present regarding the influence, direct 
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or indirect, of the one upon the other. There are some 
arguments in favour of both to claim the priority. I 
shall he content, for the present, if the learned world be 
convinced that there are undeniable similarities between 
the two standard works and that these affinities are not 
accidental. 



PERSIAN LOAN-WORDS 

IN THE 

RAMAYAN OF TULSIDAS. 

BABURAM SAKSENA, M.A., Lecturer in Sanskrit. 

1. The language of the Ramayan represents broadly 
the Awadhl of the 16th century A.D. 1 Awadhl, as it 
existed then, however, was ill-suited to the purpose of the 
author. It was a language of the common people and had 
been little used for literary purposes. Malik Muhammad Jaisi 
is the only known writer in Awadhl who preceded 
Tulsidas. The author of the Ramayan adopted this 
language as the vehicle of his thought, since his aim was 
to make the story of Rama, his God, popular amongst 
the masses of his country. In this he was eminently 
successful. But he had to flood his language with loan- 
words, to make up for the deficiency of vocabulary. 
His chief source for borrowing was the Sanskrit language 
together with the Prakrit languages. A large number of 
words have been taken from the court language of the 
time viz., Persian and a few from Arabic also through 
Persian. The present paper deals with these Persian and 
Arabic words. 

2. These loan-words are all full words i. <?., words 
which express complete ideas viz., substantives and adjectives. 
It is rare for a language to borrow particles, pronouns 
or verbs. When classified, these words fall under the 
following heads:— 

(a) words to denote things newly introduced e. g., 
caugana, pirojd, gaca, bajtgara, kagaja; (b) military 

1 Vide Baburam Saksena : Lakhlmpurl — a dialect of modem 
Awadhl § 16, J. A. S. B., XVIII (N, S.) No. 5. 
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words g. g., phauja , hotala, taralcasa; (c) words used 
in law-courts e. g., mjcii, parawana, bibaki, saht, hawale, 
bandihhana; ( cl) words to address the noble classes e. g., 
sahiba, garibanewctja, sirataja, gam; (e) words denoting 
abuse or depreciation e. g„ Jcura, khuaru, majuri, poea, 
bihalu; and (f) miscellaneous words generally used by 
the gentry e. g., bida, adesa, jamata, awareba, bdga. 

3. It is very natural that such words as express 
new ideas or denote things newly introduced should gain 
ground in the borrowing language. All efforts to subs- 
titute approximate translations from the language very 
generally fail. For instance in modem AwadhI such 
words as Idlten, rel, tikat, sarmnan, Milam and lankaldt 
have come to stay. The military words as well as those 
of courts of law are also taken in a language, if the 
rulers — the conquering nation — stay in the conquered 
country for a pretty long time. The old military as 
well as administrative terms, owing to disuse, are forgotten 
by and by, while the current ones stay on. It is also 
generally that the words used to address the noble classes, 
the rulers become popular being very frequently in use 
since desired by the rulers themselves. The rulers, 
however, in turn shower abuses on the conquered people 
who take them up and use them against their own people. 1 
As for the other words, “ People will very often use 
foreign words where it would have been perfectly possible 
to express their ideas by means of native speech-material, 
the reason for going out of one’s own language being in 
some eases the desire to be thought fashionable or refined 

‘It has been noticed that the servants brought down from 
the hills (Kumaon and Garhwal) to serve their masters in the 
plains of Northern India very easily pick np Hindustani 
abuses and use them against their fellow-liillmen while speaking 
their own dialect. The same is the case with the Indian 
servants of European officers. 
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through interlarding one’s speech with foreign words...” 1 
This reason would operate to a great extent amongst a 
conquered people. 

4. Once a foreign word is adopted in a language, 
it undergoes the changes necessary for assimilation into the 
language. Persian and Arabic loan-words also have undergone 
these changes. They may be classed as Phonetic and Gram- 
matical. 

PHONETIC CHANGES. 

5. The following phonetic changes in these loan- 
words have taken place: — 

( a) substitution of nearest Awadh! sounds for such 
Persian or Arabic sounds as are absent in Awadh! ; 

(b) such changes as make these loan-words fit in in the 
general phonological system of Awadh!; 

(c) changes for the sake of metre; 

(d) other phonetic changes. 

6. Sustitution of nearest sounds is a common 
feature of a borrowing language. Modern Awadlrl does 
not allow a consonant to be preceded by any nasal but 
of its own class. Arabic imtihan, therefore, becomes 
intihan , labial nasal being changed into dental to suit 
the dental consonant t. The same language does not admit 
a nasal after a consonant and, hence, when it borrows 
a word containing that conjunction it modifies it e. g,, 
English signal > Aw. singal. 

The sounds peculiar to Persian and Arabic undergo the 
following changes : — 

(1) q (j' > k e.g. bdkt < baqi, lay aka < Idyaq ; 

(2) kh £ > kh e.g. khabari < khabar, masakharl < mas - 

kha^ty 

& 

1 0. .Iesperson : Language, its Nature, Development and Origin, 

p. 210. ' . : --;V ■ 
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..(3) g g> g e.g. gariba < garth, gam < gam ; 

(4) zy or {J o>j e.g. jina < zin, bdja< baz, raj Si < raza ; 

(5) z o>d e.g. gudarata < guzar, kagada < kagaz ; 

(6) f o >ph e.g. phauja <fauj, sardpha < sardfa ; 

N.B . — In one word, however, /> p, pirojd < firozd ; 

(7) sh jfc or s \jo> s e.g. nisdna < nishand, sahandi < 

skahnai, sdhiba < sdhah, sah'z < sahzk ; 

(8) h £> h e.g. sahi < sahih, sdhiba< sahab j 

(9) ’ £> a or is ineffective if coming with a e.g. 

jamata < jamd’t. 

7. All bases in Hie Ramayan end in vowels. 1 
Short vowels have, therefore, been added to such consonantal 
bases as were borrowed fron Persian and Arabic. Generally 
an -a or -u is added to such bases as are taken to be 
masculines ( vide infra § 11 ), the -u ending being only a 
penultimate stage of the -a base 2 , and we find -a and -u 
forms of the same base, foreign or otherwise, standing 
side by side in the Ramayan. For instance puopoca or 
pocu, hdz>baja or baju, saz>saja or sdju, hal>hdld or 
hdlu. Generally -i was added to such consonantal bases as 
were taken to be feminine e.g. khabar > khabari, gardan < 
garadani , ■ raza > rajai, sazd > sajai. 

In modern Awadhi all bases which earlier ended in -a, 
-i or -u have become consonantal, the last vowel coming 
in only when the pronunciation is specially slack and even 
then these vowels are pronounced very lightly. 3 It is probab- 
le that by the time of Tulsidas these short vowels at the end 
of bases were lightly pronounced, though they were fully 
represented in wilting and were counted for the purposes of 
metre as full vowels making syllables. The practice goes on 

1 Vide B. R. Saksena : Declension of the Noun in the 
Ramayan of Tulsidas, § (Ind. Antiquary LII 1923, p. 71.) 

2 Vide Declension of the Noun in the Ramayan§ 13 and § 18. 

3 Vide Lakhlmpurl Awadhi § 4, 
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in modern Awadhl also e.g. cor is written as com but 
pronounced as cor and counted for metre as two syllables in- 
spite of the pronunciation. 

A long syllable if it is more than two syllables 
away from the end (and one of these two is long or has 
long effect) is shortened 1 e.g. bazar > bajdra> bibaqi > 
bibaki. 

Initial v- of a loan-word also, becomes b- in 
Awadh! e.g. vidd,>bidd, in common with the languages 
of East India e.g. bar ana < varna, barisa < varsa, bas< 
vamsa. 

Conjunction of dissimilar consonants was avoided from 
the time of the Prakrits either by an assimilation of con- 
sonants or by introducing svarabhahti. Similarly in the 
case of the present loan-words the svarabhahti comes in and 
avoids a conjunction e.g. 

a as in darabdra < darbar, bakasisa <bakhshtsh ; 
i as in jinisa < jins ; . 

u as in hhud.ru < khvar through hhuvaru. 

The change of i into e was a common change in Prakrit 
or its vice versa, and the loan words have not escaped it 
sometimes e. g. bebaki or bibahi, behalu or bihalu. 

8. Tulsidas brings a few minor changes to bear upon 
his words, borrowed or otherwise, when he wants it for 
the purposes of regulating metre. The following changes 
have been noticed in the loan-words :— 

(1) the quantity of a vowel, generally the last, changes i.e. 
a short vowel becomes long or vice versa e.g. 

-a > -a. in caugand, nisana, hald ; 

-I > -i in barabari; 

-u > -u-in habulu 

(2) a nasal or an anusvara becomes simple nasalization 
e.g. kuhgura > hagurd, andesh > ddesd. 

1 Of. Lakhlmpurl Awadhl § 7. 
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9. The correct forms of certain loan-words have under- 
gone a few phonetic changes which cannot be said to be 
necessary. These are : — ■ 

a>i in sahiba, a>e in newaje, u> a in kagurd and raajuri. 
It appears probable, however, that the incorrect forms of 
these words were generally spoken by foreigners and so 
these incorrect forms were taken in the Awadhi language. 
This is presumed since even now one hears sdheb, neivdzish, 
kahgura and mazduri from the lips of those who are 
expected to speak scthah, nawazish, kubgura and muzduri 
respectively for the above words. 

The substitution of c for j in kirica < kirija is probably 
by contamination from hire, a word in the same sense. 
The t for d in supeti , however, seems to be inexplicable 
unless it be an orthographical error. 

Two words have shortened the number of their syllabic 
sounds viz. majurK muzduri and kabaru < kdrbdr. The 
contraction is hard to explain except on account of the 
frequency of use 1 . 

GRAMMATICAL CHANGES. 

10. “When a word is borrowed it is not as a rule 
taken over with all the elaborate flexion which may belong 
to it in its original home; as a rule, one form only is 
adopted...” 2 . Awadh! generally borrows the crude form from 
the Persian, But once being borrowed, the loan-word is 
treated just like any other word of the language. The 
following are the changes which a Persian loan-word 
undergoes in the Ramayan: — 

(1) A present participle is formed by adding an 
affix to a simple noun e. g. gudarata<guzar by adding 
-ata ; 

1 cf. Lakhlmpurl Awadhi §11. 

0. Jesperson : Language p, 213 
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(2) a past participle is formed from a simple noun 
e. g. dage < ddg, newdje < nawaz ; 

(3) an adjective from a noun e, g. phardka < farq ; 

(4) an oblique case is given to a noun e. g. badale 
< badal, sade < sada, sahibaht < sahab, palakanha <palak ; 

(5) an Indo- Aryan prefix is added to a loan-word 
e. g. su-sdhiba < sahab, kusaju < mz ; 

(6) an Indo- Aryan word is substituted for a Persian 
loan-word in a compound, the whole resulting in a hybrid 
compound e. g. sira-taja < sar-tdja ; also cf. bhaya-khaga - 
bajah. 

GENDER OF LOAN-WORDS. 

11. Awadhl has only two genders —masculine and 
feminine, the neuter nouns of Sanskrit, as pointed out by 
Beames 1 2 , having generally .been turned into masculines. 
Persian, however, has no gender from a grammatical point 
of view 1 . Persian words borrowed by Awadhl, therefore, 
had to adopt one of the two genders. 

12. Two principles seem to operate generally in 
giving gender to loan-words. Firstly, if the borrowing 
language happens to possess a word approximating in sense 
to the loan-word, the gender of such a word is given to the 
loan-word also e. g. the word rel (Eng. ‘rail’ used in the sense 
of train in India by common people) is of the feminine gender 
in Awadhl on the model of gari (conveyance). Or, the 
word “letter” used by the educated Hindustani people 
while speaking their own language is sometimes masculine 
and sometimes feminine. A man from Benares would 
generally say “ lelar di hai ” while a man from Moradabad 
would say “ letar ay a hai” This is because the usual Hindi 
word for expressing the sense of the word “letter” is 

1 Vide John Beames : Comparative Grammar of the Modern 
Aryan Languages of India, Vol. II, p. 147. 

2 Vide E. H. Palmer : Simplified Grammar of Hindustani, 
Persian and Arabic, pp. 31-32. 
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cithl (feminine) at Benares and khat (masculine) at 
Moradabad. It is on this principle that gardani (Skt. 
griva), khabari (Skt varta), kitaba (Pkt. pothi) tarikh 
(Skt. tithi) are feminine while soru (Skt. holahala), kdgcija 
(Skt. patra) are masculine. 

Secondly, if the language does not possess any 
word approximating in sense to the loan-word, it is given 
the gender which that type of native words takes in 
the language generally. For instance the word lain 
kiliar (Eng. line clear) is treated as masculine in 
Awadlil since the consonantal bases are generally mas- 
culine. It is on this principle that naphiri, majuri, 
sahanai, barabari and masakhari are feminine while 
gaca, caugand, jahaja and hunara are masculine. 

N. B. — It should not, however, be supposed that 
the above principles operate very strictly. Examples which 
set them at nought are also many, but still they appear 
to be the general principles. 

LIST OF THE WORDS. 

13. Below is given a list of the loan-words from 
Persian and Arabic, found in the Ramayan. 1 

Awadhi. Loan-word. 

Mesa, 287 ... Per. andesha (from andesh'idmi to 

reflect) — thought, doubt. 

Aivareba, 2J, 262, 280 Per. ureb —inverted, transposed, T. D. 

uses it as a noun — ‘deceit’. 

Kdgura, 423 ... Per. kubgura~-nn ornamental cor- 

don, balustrade. 

Kabaru, 196 ... Per. kdirbdr or kar-o-bar — business. 

3 The references are to the pages of the Raniachanta- 
nianam of the N. P. Sabh, Benares ( TulsT GrantlidvaU Voh I.}. 

It may be also gratefully noted that Platts : Hindustani Dic- 
tionary and Steingass : Persian-English Dictionary have been 
freely consulted for the etymology of these words. 
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Kabult , 166 ... Per. qabul'i (from Ar. qabul — accept- 

able) — accepted, admitted. Gene- 
rally in Per. it means a dish of 
food resembling Tchicri . . 

Kamdnci, 173 ... Per. Jcaman — bow. 

Kagaja, 8 ... Per. kdgaz — paper of. kdgada where 

z. > cl. just as in gudarata. 

Kiriea, 498 ... Per. Tcirij — a slice, a segment. 

Kulaha, 168 ... Per . hulah (contracted from kulah), 

T. D. uses it for a bird’s cap to 
cover its eyes. 

Kara, 114 ... Per. kur — blind ; blind in a moral 

sense, hence Aw. ignorant, idiot 

Kotala, 236 ... Pei' .kutal — a led horse for the parade, 

hence in Aw. a spare horse led by 
the string (o for u is probably the 
same as in Pkt pothi <pustika 
or Pali pdmokkha < pramukha 
explained from Vrddhi forms). 

Khabara, 123, Kha- Ar. khabar — news, notice, care. 
bari, 78. 

Khuaru, 276 ... Per. hhivdr— contemptible, wretched. 

Gaea, 97, 452 ... Per. gac — plaster, mortar. 

Gam, 16 ... Ar. gam — -free from want, rich. 

Garadani, 229 ... Per. gardan — neck 

Gar'iba, 15, 16 ... Ar. garth (from garb — to become 

distant) — poor, destitute. 

Garibanewaju, 10... Per. garihnawdz — earesser of the 

poor. 

Gudarata, 251 ... Per. guzar — pass, ford, thence Aw. 

forms a participle. 

Gumana, 467 ... Per. gvmdn — pride, doubt, distrust 

Gimdni, 300 ... Per. gumdni — proud, vain, distrust- 

ful. 
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Caugand, 382 


Jamdta, 44, 77 


Jahdja, 243, jahciju, 
191, 217. 

Jahdnd, 4 
Jimsa, 44, 432 
-Tina, 120, 133 
Tardkasa, 231 
Tdji, 317 
Barabdra, 378 
Bdge, ’229 

Naphira , 408 
Napkin, 389 
Nirajosu, 235 

Nisdna, 77, 128, ni- 
sei n a, 68,112,125. 


Newdja, 255, newdji 
273, mwdje, 15. 
Parawand, 74 ... 

Palaka, 152,212, pa- 
lalcanhi, 100. 
Pirojd, 123 


Per. caugdn — a plain ; the game 
resembling hockey, but played on 
horseback and hence like polo 
also. 

Ar. jama,— a collection, gathering, 
plural jamd’t — collections. T. I). 
uses the word as singular. 

Ar. jahaz — a ship ( jihdz — however, 
means dowry). 

Pei*, jakdn (old Per. gehan) — world. 

Ar. jins — kind, species. 

Per. zin — -saddle. 

Per. tarkash — quiver. 

Per. tazi — invader ; hunting-dog. 

Per. darbai — court, audience. 

Per. dag — a mark, spot, brand; 
Aw. makes a participle — branded. 

Per. naflr — a kind of trumpet. 

Per. nafiri — a kind of trumpet. 

Skt prefix nir + Per. josh — without 
excitement, i. e. truly. 

Per. nishan — mark, sign, banner, 
colours ; T. D. uses it invariably in 
the sense of military musical 
instruments. 

Per. nawdz {ncmalihatan — to caress.) 

' — caresser, thence caressed. 

Per. Parwdnd (Skt. pramana )— 
warrant, authority, sanction. 

Per. palah — eyelid, hence in Aw., 
twinkling of an eye also. 

Per. flrozd — a turquoise (the stone 
which brings good fortune), cf. 
Hindi piroja — an ointment chiefly 
efficacious in healing old wounds. 
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Poca, 5, 261, pocu, 
269, pocu. 
Pharaha, 453 


Phauja, 401,408 ... 

Bakasisa, 129 

Bajdja, 453 
B ajar a, 93, bajaru 
148, bajaru, 126,453, 
bajdra, 453. 

Badale, 498 
Bandikhdnd, 414 ... 

Barajora, 274 


Barabari, 1 1 8 , 478 . . . 
Baga 21, baga 23, 
baganha, 190. 
Baja, 115, bdju 168, 
barabdja, 2 18, 
bhaya-khaga-bdjah 

295, bdju, 247. 
Bajigara , 383 

Bida, 26, 144, 281 . . . 
Becara, 364 

Bebahi or bibdki 15... 


Per. puc — empty, worthless (for o in 
place of u vide supra note on kotala). 

Ar. farq — distance, thence in Aw. 
adj . pharaha — distant; with space 
in between. 

Ar. fauj — a crowd, an army. 

Per. bakhshish — a present or pecu- 
niary gratuity. 

Ar. bazzaz (vulgar bazaz) — draper. 

Per. bazar (old per. aba — provisions. + 
zar~ place) — market ; the form 
bajara used only once and that 
also metri causa. 

Ar. badal- — change, exchange. 

Per. ( bandi — prisoner + khana — 
house) hence prison-house. 

(Skt. vara — good, strong. Per. zor — 
force) hence forcibly; cf. Braj — 
barajori kari mori bahiyd etc. 

Per. barabari — level, par, equality. 

Per. bag — garden. 

Per. baz — falcon; bar a (Skt. w«ra)+ 
baz— barabdja — good falcon; this 
compound indicates the extent of 
the assimilation of a loan-word. 

Per. bdzigar (baz — to play, hence 
bazl — play and hence) — one who 
exhibits marvellous feats. 

Ar. widd ’ — farewell. 

Per. hi — (without) + cdra (remedy) 
i.e. remedyles's, helpless. 

Per. hi — without+Ar. baqi— remain- 
der hence, whole payment leaving 
no remainder. 
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Behdlu , 282, bihala, 
428, bihala , 894 


Majuri, 197 


Masakhari, 488 

Rajai, 172, 175, 196, 
198, 225 
Rukha, 30, 105 
Lay aka, 31, 158 
Sajai, 165 

Sardpha, 453 

Safti, 42, 3 13, 47 6, 484 

Sahanai, 113, 148 ... 

Saja, 127, 139 ; 

o saju 144, 149, ku- 
saju, 173. 

Sa.de, 243 

S dhib a, 10, 17, 
sdhibahi , 262, su- 

sahiba, 16, su'sahibu 
273, susahibahi, 274 


Per. hi — without+Ar. hdl — condi- 
tion, circumstance, hence ill-circum- 
stanced. 

N.B. — In all these compounds with hi 
— the prefix is probably (Skt vi~) 
Pkt. hi- and not the Persian hi- 

Per. muzdur — labourer and hence 
muzduri — bodily labour or wages, 
hire etc. 

Ar. maskhara — jester, thence Aw. 
maskhari — jest, humour, cf. Per. 
maskhargi in the same sense. 

Ar. raza — pleasure, will, approval. 

Per. rukh — face, countenance. 

Ar. layaq — fit, capable, worthy. 

Per. sazd — punishment cf. modern 
Aw. sajai. 

Ar. sarrdf (vulgar saraf)— a money- 
lender, a banker, shroff. 

Ar. sahih — correct, sound, hence a 
noun — signature, sign, token, at- 
testation. 

Per. shahnd and shahndi — a clarion, 
cf. also Per. shahndi — a military 
trumpet. 

Per. saz — making ready, preparation 
(Skt. sajja and sajjana do not 
exactly answer this sense); hi — 
Skt prefix-bad. 

Per. sada — simple, pure, white. 

Ar. sahab (from sahab — to associate 
hence) — one endowed with, master, 
Lord. Skt su — good, hence susdhiba, 
— good master. 



Sirataja, 142 
Supeti, 152 


Sora , 217, sora, 
401, soru, 190. 
Haivale, 414 
Said 382, halu 
Hunara, 454 
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... Per. sartaja (lit. crown of the head), 
chief, leader. 

... Per. sapedi or safedi — whiteness, 
the su- for sa- is probably a 
wrong replacement of Per. sa- 
by the Skt. prefix su- ; t for d 
is inexplicable. 

... Per. shor — noise, cry, 
exclamation. 

... Per. hawala — charge, custody. 

424 Ar. hdl — condition, circumstance. 

... Per. hunar — skill, ingenuity, art, 
knowledge. 





SYNTHETIC GRADATION IN INDIAN 
THOUGHT. 

UMESHA MISHRA, M.A., KAVYATIRTHA, 

Lecturer in Sanskrit. 

I— DARgANA. 

Philosophy in India is not merely speculative. It 
has both theoretical as well as practical aspects. Scientific 
study to be worthy of its name, cannot afford to neglect 
either. Moreover, speculation, unless it is based on and 
has a counter-part in practical experience, is worse than 
useless. Such speculation cannot help anybody either 
here or in the world hereafter. 

A reference to the use of the word \ Dargana ’ 1 for 
Philosophy in India, will show that a system of thought 
deserves to be called Dargana only when it gives us a true 
picture, fragmentary but faithful, of the whole Truth. The 
different Schools of Dargana, therefore, are the varied aspects 
of Truth viewed from different angles of vision. The 
connotation of ‘Philosophy ’ is not exactly similiar but is likely 
to lead to confusion unless we bear in mind the funda- 
mental difference between the two concepts. For want of 
a more appropriate word we are constrained to retain the 
term here, but we must not lose sight of the distinction 
noted above. 

The origin of Philosophy in India is involved in 
great obscurity. It is very difficult to trace when and 
under what circumstances it assumed the organised shapes 
in which we find it now. It is obvious that these systematised 
forms cannot be natural. It evidently presupposes a stage 

^his use of the word seems to be based on ‘WTOT 
«trs$ stem :. ..srrwsft sts} ^^...f^sgrT^ el Brha. Upa. 

2 - 4 - 5 . 


*; 
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when there had been no system evolved. This is the 
period of the Upanisads 1 and allied literature, early Buddhistic 
as well as Jain. Here we find no arrangement in the 
ideas and views, which were the common property of the 
intellectual community of the country. 2 There being no 
system, the current ideas were assimilated in certain cases 
by different schools and formed the background of a 
distinct line of thinking in subsequent ages. As time 
went on such lines of thinking multiplied in number and 
began to develop each its individual character. Many of 
the ideas which were inseparably associated with certain 
systems in later times had then been in a floating condition. 

H— THE SCHOOLS OF INDIAN PHILOSOPHY. 

Now dealing with Indian philosophy it will not be 
out of point to consider the generally known divisions of 
Indian thought. We have been hearing much of the six 
systems. But what are these six systems? Here we find 
various opinions. As for instance: Haribhadra Suri, a 
Jain writer, of about 1168 A.D.®, means by six systems 4 : 
(1) Bauddha, (2) Naiyayika, (3) Kapila, (4) Jaina, (5) 
Vaigesika, and (6) Jaiminiya. Another Jaina writer, Jina- 
datta Suri, of about 1220 A.D. S , mentions another kind 
of division under this head, namely® : (1) Jaina, 

1 Cf. Dr. A. B. Keith’s — ‘ The Sankhya System ’, Ch. I. 

3 As for instance the problems of u4uf€T, STN subufe, 

and HNNTsfe of the early Sarvatti Vadin sect of the 
Bauddhas seem to be the basis of the of the later Sankhya. 

3 Dr. Satlga Candra’s History of Indian Logic, p. 152. 

4 eispi S3 fsrfofc a«rr i Sftuftagf simrft 

H — §addar<?ana Samuccaya, Verse 3, Choukhamba Ed. 

5 Dr. Satlca Candra’s History of Indian Logic, p. 152. 

6 S3 i 

3njftNTf5T 5 T(^fN^~*-Viveka Vilasa — manuscript belonging to the Govt. 
Sanskrit College, Saraswatlbhavana, Benares. 
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(2) Maimamsaka, (3) Bauddha, (4) Sankhya, (5) Caiva, and 
(6) Nastika. The third Jaina philosopher, Maladhari Qri Raja- 
cekhara Bari, of about 1348 A.D. 1 , enumerates another kind 
of division 2 , namely : (1) Jaina, (2) Sankhya, (3) Jaiminiya, 

(4) Yauga (Qaiva), (5) Vaigesika, and (6) Bauddha. 

We now turn to the Brahmanic writers. Accor ding 
to the son of the well-known commentator, Mallinatha,, 
who must have flourished in the 14th cen. 3 , Saddargana 
includes 4 (1) Panini, (2) Jaimini, (3) Vyasa, (4) Kapila, 

(5) Aksapada, and (6) Kanada. Jayanta Bhatta, who is 
called an old logician — Jarannaiyayika 1 , and who must 
have flourished between the 9 th and the 11th centuries, 
A.D.,® mentions that the Sattarki (Saddargana) 7 
includes the following six systems, namely : (1) Sankhya, 
(2) Arhata, (3) Bauddha, (4) Carvaka, (5) Vaigesika, and 

(6) Nyaya. In the Hayagirsa — pancaratra, a Brahmanic 
work, supposed to have been introduced in Bengal by 
Raja Ballala Sena (about 1158-1170) as well as in the 
Gurugita of the Vigvasara tantra, the six systems 8 
constitute the following: (1) Gautama, (2) Kanada, (3) 
Kapila, (4) Patanjali, (5) Vyasa, and (6) Jaimini. -The 
compiler of the Sarvamata Sangraha, divides the entire 

J Dr. YiclySbhuSana’s History of Indian Logic, p. 153. 

— Sa<Jdar9ana Samuccaya, p. 1, Verse 4. CrI Ya?ovijaya 
Jaina GranthamSIa, Benares Ed. The last portion of this kSrikS 
seems to be an attack on Jinadatta’s taking NSstika to be one 
of the systems. 

3 Dr. Vidyabhusapa’s History of Indian Logic, p, 380. 

in his com. on the PratSparuda — Yapohhusana of Vidyadkara. 

5 Gadge9opadhyaya — NySya CintSmapi, UpamSnakhawJa p. 61. 
Society Ed. 

6 Dr. Vidyabkusana’s History of Indian Logic, p. 147. 

7 Ny&ya maBjar], Vol. I. p. 4, Vizianagram Sanskrit Series, 
Benares, , Ed. , 

i 

% — quoted from Dr. YidySbhuf ana’s History of Indian Logic, 
p. 153, ftn. 3. 
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field of Indian philosophy into two main heads, 1 2 namely : 
Vaidika and Avaidika. The former he again divides into 
three systems: (1) Mimansa, (2) Sankhya, and (8) Tarka; 
while the latter into (1) Bauddha, (2) Arhata, and (3) 
Lokayata. Thus in all, there are six schools. Mahama- 
hopadhyaya Bhlmacarya in his Nyayakosa, on ‘Dargana’ 1 
tells us that there are only six prominent Astika or 
orthodox schools of Dargana, which he enumerates thus : 

(1) Sankhya, (2) Patafijala, (3) Purva Mimansa, (4) Uttara 
Mimansa, (5) Tarka, and (6) Nyaya. By £ Tarka’ he 
means ‘Vaigesika’. He also quotes in his notes thereon 
a line 3 to support what he has said. Later on, he talks 
of six In astika (non-orthodox) systems 4 . They are: (1) 
Carvaka, the four schools of Bauddha philosophy, namely : 

(2) Madhyamika, (3) Yogacara, (4) Sautrantika, (5) Vai- 
bhasika, and (6) Digambara (one of the Jaina schools); 
and he mentions ‘Vacaspatyakosa ’ which has included 
Mayavada Vedanta under the Yogacara. 

Besides these six systems, there are references, and 
even descriptive accounts of other varieties. As for instance, 
Madhavacarya, in his Sarvadargana Sangraha, considers the 
following schools 5 and sums up the characteristic doctrines 
of each: (1) Carvaka, (2) Bauddha, (3) Arhata, (4) Eama- 
nuja, (5) Purnaprajfia, (6) Nakuliga, (7) Pagupata, (8) Caiva, 
(9) Pratyabhijfia, (10) Rasegvara, (11) Aulukya, (12) 
Aksapada, (13) Jaimini, (14) Panini, (15) Sankhya, (16) 
Patafijala, and (17) Qankara. The Sarvasiddhanta Sangraha 6 

i sift 

I — Sarvamatasangraha, Trivandrum Sanskrit 

series, Travaneore, 1918, pp. 14-15. 

2 NySyakosa, Bombay Sanskrit series Ed., 1893. pp. 317-18. 

^ TOfsrr: Ibid, ftn. 2. 

4 Ibid, pp. 371-72. 

5 Sarvadareana Sangraha, AnandaQrama Sanskrit Series, Poona. 

'’Published by M, Eangficarya, M.A., Madras. 
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attributed to Qahkaraearya enumerates another classification: 
(1) Lokayatika, (2) Arhata, (3) Bauddha, (wherein he 
includes all the four well known schools), (4) Vaigesika, 
(5) Nyaya, (6) Mlmansa (both schools — attributed to 
Prabhakara and Kumarila), (7) Saiikhya, (8) Patafijali, (9) 
Yeda Vyasa, and (10) Vedanta. Madhustidana SarsvatT, 
in his Prasthanabheda, 1 which forms a part of his com- 
mentary on Puspadanta’s Mahimnastotra, and Gunaratna 
Sun, 2 in his commentary on the Saddargana Samuccaya 
of Haribhadra Sun, mention several more. Gunaratna 
observes, however, that there are no less than 360 or more 
lines of thought in Indian philosophy. 

Ill— SEARCH AFTER TRUTH. 

The inquirer after truth, hearing of so many different 
views, finds himself unable to understand the exact nature 
of the Truth. He approaches the Qrutis, which he believes 
to be the only infalliable source of Right Knowledge. He 
finds the right answer there. He learns from them the 
true nature of the Self, as described in the following : ‘h 
w gwtismmv:’ (Tai. Upa. 2. 1.); ‘sisjfte’a? srrew 

JOT**:' (Ibid, 2.2.); ‘srsft-ssat mm (Ibid, 2. 4.); 

‘srwrtew (Ibid, 2. 5.); (Cha. 

Upa. 6. 2. 1.) etc. Had he had full faith in the 
words of the (gratis, he would have at once got 
the illumination needed 3 . But as a human being, he is 
beset with doubts and wrong notions, which stand in the 
way of his immediate conviction. Pie then sets about 
collecting arguments in support of what he has heard from 
the Qrutis. This stage of reasoning, as based upon the 
premises, supplied by the Qrutis, is known as Manana. 

1 Prasthanabheda, published by the Vanlvilasa Press, 
Srirangam. 

2 L. Suali’s Edition. Bibliotheca Indica, Introduction, 
pp. 19-21. 

SpWJ— -Bhagavad Gita 4.39. 
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This is what speculative philosophy in India attempts to 
represent 1 . But mere speculation cannot reach the truth. 
It seems quite possible that the conclusions arrived at through 
speculation, i.e. hw, might be overthrown at any moment 
by counter — reasonings of a stronger nature 1 . Examples of 
such supersession abound in both science and philosophy. 
The inquirer cannot rely upon this. It is necessary, there- 
fore, to verify his rational conclusion through practical ex- 
periments ; just as in geometry demonstration is supplemented 
by experimentation. This practical verification is reached 
through — contemplation 3 . The conclusions of the 

previous stage are hereby realised as truth and are unassailable. 
These are the steps leading to the direct perception of 
truth 4 . 


— N. V. T., p. 49. Vizianagram series. That 
is here used in. the sense of ‘ DarQana ’ — ‘ philosophy’. 

slsnt* nsumrdsqq;. . .ott % ife'ar- 

?t% a Hfufegg? 

— Caftkara BhSsya on Brahma Sutra 2. 1. 11. 

I sd 


— BhartThari’s VakyapadJya. • 1.34. 


(Hi) qi 
N, V. T., p. 49. 

(iv) Kathopanisad, Cahkara Bh3sya, I. 2.8. 

* strut ms? jf-gsg: srtasrt Br. u. 

2.4.5. 

*(i) artamr: ffomstwh t 

WSTT =3 SRRT ?t •quoted from the 


Introduction of Sa. Pra. Bha. hy Vijnanabhiksu. 

(ii) ft: 

foRrfargr t 

— Stmatattvaviveka, p. 131. Jlbananda’s Ed. 
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These three factors have always been recognised in 
Indian Philosophy. -All the Indian systems of thought* 
for instance, take their data from the Vaidika sources and 
build upon them the conclusions through rational arguments. 
They appeal to Yoga or for their verification 1 . 

This would seem to involve a kind of synthesis between 
the three ^ Pramdnas — instruments of right knowledge, 
namely: Agama or Qabda, Anumana (inference), and Pra- 
tyaksa (direct perception), which seem to represent srput, 
and respectively 2 . 

Before we proceed to find out how the different systems 
in India have originated, it would be better to start with 
a clear consciousness as to the starting point and goal of 
these systems. It is held that fssftafc— removal of Pain 
is the underlying common motive of the entire creation. 
No one would like to have things which he dislikes. This 
is the end towards which every conscious and rational 
movement tends. Philosophical enquiry, therefore, presup- 
poses the stage where Pain is felt, and naturally it aims at 
its absolute cessation. 

Here the question arises: The goal and the starting- 
point being common, why do we find so many different 
views? The answer is quite simple. It is due to difference 
in the intellectual equipments of the enquirer. Philosophy, 
in India, is just like a stream taking its rise from the 
mountain top, flowing successively through several valleys 
and falling into the great ocean. Now the same stream, &. g. 
the Brahmaputra, a while passing through one valley” to 


Vaisesika Sutra 6.2. 16.; Nyayabhfisya on N. S. 4 2 2 ■ 
Sankhyapravaeanabhasya, ch. VI. 24-31,; Cafikarabhasya * 0 n 
Brahma Sutra 2. 1. 3.; Vedantasara, pp. 146-154. Jibananda’s Ed 
Nyayavartika-tatparyatika, p. 49 ; Hyftya Sira of Bhasarvajfia 
pp. 39-40, Society Ed. J 


The case of Mimahsa, which repudiates Yoga, would appear to 
be an exception, but a deeper thinking would show that this is not so 
Of. _ N yayavSrtika-tatpar yat i k3, p. 60. 

A river in the north-east India. 
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the other, has a particular shape, current, and sometimes 
name too, which begin to change as it proceeds onwards. 
If any one takes a photograph of it, in its passage through 
one yalley and then again another while it passes through 
another and so on, he will have different pictures, though 
all of them will represent the same individual river; and 
a man, who has not seen the stream from one end to the 
other, can hardly assure himself that these photographs 
are of the same river. 

Similarly, though all aim at the same goal yet because 
of the varieties of their predispositions and capacities 
(Adhikara), the single path appears as so many different 
paths to them. 

Or we may describe the final goal of Indian thought 
on the analogy of the Arundhati star 1 . When the 
child asks the mother, £ where is the Arundhati the 
mother, at once, directs its gaze towards the sky. There- 
upon, she points to a bigger star near the Arundhati, for 
she knows well that the shir in question being very small, 
it is not possible for the child to find it at once. But 
when the child has acquired sufficient power of observation, 
it finds out the star easily. 

In the same way, the supreme goal is so subtle that 
the RsIs — the seers of truth — thought that it would be quite 
impossible for all to grasp the line of thought which 
directly leads to it 1 Therefore, for the good of the 
people, they constructed so many steps, which if gradually 
followed would lead to the goal. People, not following 
these paths, are likely to be led astray and never to 

-Of. Nrslnha Sarasvati’s com. on the Veclantasara, p. 106, 
JIbananda’s son’s Ed. 

3 (i) swu hM U Ma- 

dhusudana’s Prasthanabheda, p. 19. 

(ii) <c*?r inqgd St^rrwwwin—Vijaanabhiksu, Introduction 
to the Sa. Pra. BM,, p. 2; JIbanancia’s Ed. 
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find the right path and the truth. 1 So did Ksemaraja, 
in his Pratyabhljfiahrdaya 1 say clearly that all the systems 
are so many artificial stages of the progress of the Atman, 
just like an actor assuming various roles till the end of 
the play; or we may liken it to the reaching of the 
mountain top with a certain number of steps which must 
be crossed. 3 

This shows that there is not only a mutual harmony 
but even a gradation in ascending order in the various 
systems of Indian thought; and every system is consistent 
within its limits. For in Nature there is unity amidst 
diversity. The world is governed by law, and no fact can 
be inconsistent with any other fact, however opposed the 
two may appear to be. This is true not only of philosophy, 
but on close analysis, it will be evident in every branch 
of knowledge in India. 

Now the question is : if all the systems are equally 
true, how is it that the propounders of a particular 
system repudiate the validity of the other sister systems? 
Even accepting the synthetic view, it is urged, it would have 
been plausible for the highest system alone to contradict 
the other views, as Qankaracarya has done in the 
Brahma Sutra Bhasya, Adhyaya II, Padas 1-2 ; but as 
a matter of fact we find all the systems speaking 
against one another. The answer seems to be clear: it 
is so, because each system wants to keep its own 
Adhiharis (those who are qualified for the stage 
represented by that system) firm in their respective 
positions (Adhikaras). Else they are likely to be 

HEffo* — Madhusudana Sarasvatl’s Prasthana- 
bheda, p. 19. Vanivilasa Ed. 

3 Prafcyabhi jnahrdaya, pp. 16-18, Kashmir Sanskrit Series, Ed. 

3 Sankaepa$arlraka, II., 60-61 ; Nfsinba Sarasvatl’s com. on 
the YedantasSra, pp. 106-107, Jibananda’s son’s Ed* 
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entangled in a maze and thrown off their track. 1 
Moreover, if we closely follow the texts, we find that 
the higher systems do not really deny the 4 Relative ’ 
truth of the lower systems. For instance, the Vedanta 
holds that though the Highest Truth is not to be 
found in the Sahkhya, the Yoga, or the Pagupata, 
they have each its own sphere of usefulness which 
remains undisturbed. 2 It is clear from this that as far as 
the orthodox school is concerned, the 1 Highest Truth ’ lies 
with the Vedanta of Qankara, while only the ‘Relative 
Truth ’ can be had from the other sister systems. 


IV.— A STUDY OF THE INNER HARMONY 
OF THE SYSTEMS. 


We have seen that the systems of philosohpy in 
India are numerous. As it would not be possible to 
deal with them all within the limit of this paper, I 
should like to select a few from amongst them and 
take them up for a study of their inner harmony. It 
would be better for our practical purposes to consider 
some of the systems of philosophy and to see if we 

1 Of. PrasthSnabheda, Ibid. 

*(i) snfh# ^ farcied n 

i 

qffisr tw am i a tgftr:’ 



CrlbhSsya. 


II. 2. 42. p. 512, 


Bombay Sanskrit Series Ed. 

(ii) Sfslgwjjm: S5sr?§ gqvftgi 

»ftmm {in. 29.) 

$5* i * g 

«R?rr^41 mf^tcRwrw i ?! %israr smmmronowj; etc. VijfianabMkpi’s 


Intro, to Sa. Pra. Bha, p. 3. 
(iii) 5! 

Sanskepa^arlraka, II, 58. 


f^fit—Ramat Irtha’s com. on 
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can discover in them unity of purpose and in that 
light arrange them in a progressive series. 

a. — The Common — sense view. 

The removal of Pain ( ), it has been 

pointed out, is the common aim of all the schools and the 
stage where it is felt is the starting-point. This starting — 
point seems to be the stage of the common, or more 
accurately, vulgar people, or as the Buddhists call them 
Puthujjana. At this stage, truly speaking, there is no 
reason. They do not believe in things which they do 
not directly perceive through the senses. And consequently 

they have no faith in the Atman as something distinct 

from the body which is a peculiar amalgamation of the 
four elements, namely : earth, water, fire, and air. Creation 
to them is due to chance. Their journey terminates, 
therefore, with the end of this body. There is nothing 
left after death. The feelings of Pain that they experience 
at times in life end when the body, which is the seat 
of these feelings, comes to an end. In other words, 
they find their goal ( f ssftrfR? ) reached in death . 1 It 

is needless to say that the exponents of this ‘Common — 
sense view’ quote Qrutis 2 (of course as a strengthening 
example only) as well as their daily experiences (as 
expressed in judgments) in defence of their position. 

It is thus clear that they lay stress on this body 3 
with which they identify the Atman. Their supreme ai™, i. e. 
( ) is realised in death beyond which they cannot 

look. Here ends the first stage of our long journey. 

b. — The Nyaya-Vaicesika or Realistic view. 

When we become a little more intelligent, we feel 

1 Cf. My article on ‘ Carvaka Dargana’ — published by the 
Belvedere Press, Allahabad. Av 

f ip — Tai. Upa., 2. l. 

— PratyabhijSahrdaya, p. 16. 
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that the above ideas no longer satisfy us. We do believe 
that whatever we see in the world around us has its real 
existence ; but apart from these there is something else which 
seems to be of a different type. The feelings of pleasure 
and pain that we have, cannot be logically assigned to the 
body but to something else as is apparent from our 
experiences expressed in judgments — ‘I am happy’, T 
possess the knowledge of this book etc.’ We also feel 
that the objects about us to which we cling with so 
much tenacity during life are perishable and are the causes 
of pain in the long run. It is an instinct that a man, 

or for the matter of that every animal, abhors pain 

and seeks to discover its remedy. Hence in this stage 

we feel naturally inclined to approach the gratis 1 as 
well as the illuminated teachers 2 , whose knowledge of 

things is clear and immediate. For we can no longer 
satisfy ourselves with the conviction that death will 
terminate our pain, inasmuch as the Self (A tman ) which 
alone feels the pain is believed to survive physical death. 

There we are told that the knowledge of the true 
nature of the objects (Padarthas ) 3 of the universe 
will bring to us the ‘Everlasting peace.’ Upon this 
basis we proceed to argue and then verify our conclusions 
by experiments, that is, Nididhyasana or yoga. This 
whole process takes a long time. But as the duration 
of a man’s life is very short it becomes impossible 
generally to reach the gnosis in a single birth. Never- 
theless whatever is done in a life is not at all lost. 
It sticks to us and forms the nucleus round which the 
developments of the next life will arrange themselves. 
Really we start in the next life where we stopped in 
the past* so that the thread of continuity remains 

"Aksapada and Kanada. 

3 N, S. and BkS, I.'l. 2. . y. S. I., 1. 4. 
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unbroken. Thus we proceed till we come to the end of 
the second stage of our journey. 

It is clear from this that there is something which 
survives the dissolution of the physical body. Then the 
question is : how is the surviving entity carried on to 
a fresh body after death ? Just after death by the 

instrumentality of Adr^ta a motion is produced in the 
various Anus and they gradually (i e. through the process 
of Dvyanuka etc.) build up a gross-body, though subtler 
than the one left dead. It, being subtle, is super- 

sensuous. It is this body which conveys the Manas to 

another body where the Self (Atman) is to reap the fruits 
of its past deeds. Hence it is known as the Ativahiha 
body *. 

Here then is a clear proof that this system has 
advanced a step higher in accepting a subtler body, 

though it is made of the gross elements, leading the 
Manas to another body. Besides this we have also 
referred to the eternal character, that is, the ‘ Sat ’ aspect 
of an entity which we have att his stage formed to be the 
seat of feelings etc., and which is quite different from the 
body. This something is, of course, the Atman. 

After we have known the true nature of the various 
categories (Padarthas), the ‘ faults ’ (Dosa) disappears. It is 
followed by the disappearance of ‘ action ’ (Pravrtti), and 
then the cessation of birth, the cause of pain . 2 There being 
no cause, the effect, that is, pain, will never reappear. 
In other words, we realise here our aim ( guaftf ) 
with which we started. Here this system stops. 

But we must bear in mind that the Nyaya- 
Vaigesika has admitted the Paramanus of earth, air, 
water and fire, Akaga, Kala, Dik and Atmas and 
Manamsi as eternal elements. They will ever remain. So 

dNyayakandall p., 310, Vizianagram Sanskrit Series, Ed. 

*Nyaya Sutra I. 1. 2. 


VI 
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they continue to exist when the Atman has attained 

Moksa. 1 * * 

c. — The Sankhya Stage. 

But really our progress does not stop here. There 
are subtler elements behind these. The next school i e. 
Sankhya starts with the eternal elements of the Nyaya- 

Vaigesika. The causal analysis of Sankhya leads gradually 
to Piakrti, which is Pure Matter and consists of extremely 
fine composites, called Gunas in a state of equilibrium. 
If we study the classification of the Tattvas of Sankhya, 
we shall find that we are lifted up step by step 

from the grosser to the more subtle elements until 
we reach the Highest Level. The Paramanus, which 

were supposed to be indivisible, are shown here as 
products of the Five Tanmatras, which are again the 
products of the Tamas aspect of Ahankara 1 . Aka 5a, Kala 
and Dik, which were all-pervading (Vibhu) and eternal 
with Nyaya-V aigesika, are reduced to one divisible element , 
that is, Aka§a J , which is produced from ‘ Qabda 
Tanmatra’ 4 . So we see that the so-called ‘eternal’ 
elements of Nyaya-Vaigesika are reduced into still subtler 
elements in Sankhya. 

The Atman of Nyaya-Vaigesika, as the seat of 
knowledge, desire, will, etc., is really the Mahat Tattva 
or Buddhi of Sankhya. Every element at this stage is 
known to consist of the three Gunas — viz.. Sattva, Rajas, 
and Tamas. As long as the Tamas and Rajas elements 

1 The Atman is free from its Vi^esaguuas and exists 
in its ‘ Svarupa ’ in Moksa. cf. — 

Gnnaratna’s com. on Sad darganasamuccaya, pp. 72-73.; fe- 

wiwft sjija: i gqramratfr Hrsqsm: jrafife — 

Jayasinha Suri’s com. on Nyaya Sara, p. 283, Society Ed. 

Tattva Kumndl on Sankhya Kiirika, 22. 

* Sankhya SHtra II., 2. 32. 

* Safikhya Karika, 22. 
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are present in the Self, that is Mahat, the existence of 
Ignorance and Pain is inevitable. The Right Knowledge 
and cessation of Pain which the Nyaya- V ai$esika claims 
to have secured can, therefore, be only Relative. It is 
necessary, therefore, to get rid of these elements. The 
only remedy then is, according to Sankhya, to obtain the 
discriminative knowledge (Viveka Buddhi) of the Yyakta 
(Manifested), the Avyakta (Unmainfested), and the Jfia 
(Consciousness) 1 * * . 

On analysis the Yyakta is resolved into 23 aspects,* 
but the Avyakta and Jna are incapable of analysis — 

the one, because it is the equilibrium of all Gunas and 
the other, because it is by nature immutable and trans* 
cendent. The true nature of these Tattvas has been dis- 
covered in order that Peace and everlasting g s’sfhffxj may be 
secured. 

Through the process of Qravana, Manana, and 

Nididhyasan we come to know their nature, when we 
find that the phenomena of mental life which are attri- 
buted to the Self on account of indiscrimination (srfeste) 
belong really to the Mahat or Citta. Purusa is beyond 
the natural series and is the Principle of Intelligence. 

It is so closely associated with the Mahat that the 
confusion of one for the other is natural until the two 
are really separated off by discriminative knowledge. 
Purusa is a pure conscious entity,® It is like a pure 
crystal in front of a red flower which makes the 
colourless crystal look coloured and possess attributes. 

The state reached by Discrimination is Purification 

or ‘ Kaivalya’, wherein all kinds of pain cease to exist 
and Purusa becomes isolated. 4 It then beholds the 

1 Sa. Ka. 2 . 

* Tattva KoumudI on Sa. Ka, 3, 

8 Ibid, 19. 

4 Ibid, 19. 
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Prakrti or ‘the state of equilibrium’ as an uninterested 
spectator (fit ). 1 It is clear from tins ‘Beholding’ that 
Sattva is present there in its Purest form 1 . Due to the 
presence of this Sattvika Buddhi (or Quddha Sattva) which is 
multiple in number the One Transcendent Consciousness 
becomes as it were numerous. This is the only explana- 
tion of the multiplicity of Purusa. The state of Kaivalya 
represents on one hand the transcendence of Purusa and 
on the other the absolute purity of Citta or Sattva, which 
now is, of course, inactive. 

It is apparent from the above that Sankhya has 
advanced a step beyond Nyaya-Vaigesika. It has 
established the ‘eit’ aspect of the Atman and has reduced 
the number of eternal entities to two. 

d. — Vedanta Stage. 

Vedanta takes up the enquiry where Sankhya had 
left it and seeks to resolve the Dualism of the latter into 
the unity of the Supreme Truth. It shows that Purusa 
must remain as it were divided, so long as it is associated 
with an Upadhi which is foreign to and other than it- 
self. The Sankhya stage recognised the ‘Linga deha’ of 
the Self and ended by destroying it or purifying it 
in the absolute manner. The so-called Kaivalya is only 
the cessation of the Lihga. The Vedanta takes up the 
Purified Sattva of Sankhya and shows that this too is 
verily a vesture of the True-self, though it is pure by 
nature, inasmuch as it is multiple. As such, it is the 
‘Causal body’ of the Jiva, and when reduced 

to Unity, it is the Causal body of God (Igvara). This 
is the ‘ Anandamaya Kosa ’ and though recognised as 
eternal in certain schools of Vedanta (e, g. Bamanuja) 
fts being the eternal associate of the Self, Qankara seeks 

1 Sa. Ka. 65 and Yoga Sutra, 1. 3. 4. 

* Sa. Ka. 65: and T. Koumudi thereon. 
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to transcend it so that Absolute Unity may be realised. 
The process adopted is generally of ‘ Viveka technically 
known as irarfe#*, and sometimes of Laya too. 

In any way the realisation of Supreme Truth as One 
ends in the Realisation of the Infinite Joy of Self-Delight 
This too subsides and then the Absolute alone remains. 

THEORY OF THE ORIGIN OF THE UNIVERSE, 

e. — Materialistic View. 

Similarly we may take up another problem, — the 
theory of the origin of the universe. We have seen 
that the Materialists hold that the universe is created 
from the fortuitous amalgamation of the four gross- 
elements. 

f. — Ny ay a- V ai$esika View. 

The representative of Nyaya-Vaigesika view holds 
that the ultimate cause is eternal and the effects are 
occasional. Matter is atomic and effects do not pre-exist 
in their causes. The relation between the two is one 
of absolute difference («r?«r*<f5fo[). This view corresponds 
to the Arambha Vada or Asatkarya Vada. 

g. — Sankhya View. 

Then comes the Sankhya which holds that the 
universe is only a manifestation. That is to say, it existed 
as unmanifest in its cause (which has been reduced to 
unity now). Hence there is no absolute difference 
between the cause and its effect. It is impossible to 
produce a thing from a cause where it did not lie in- 
volved. Causation is simply explication or unfoldment. 
But there is some difference between the two also ; so 
that the relation between the two is aptly described as 
i This view corresponds to the Parinama 
Vada or the Satkarya Vada. 
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h. — Vedanta View. 

According to Vedanta School the universe is an 
illusory appearance, of the One Eternal Reality, viz. 
Brahman; that is, there is no between the Brahman 
and the world. It must be noticed here that this 
school boldly denies the reality of the objective world 
while others have it in some form or another. Here we 
find the unity reached to which the earlier systems 
have been only tending. 

Thus in brief we find that there is a synthesis in 
the ascending order among the systems of Indian thought 
If closely studied one system will appear to follow another 
in natural order just like a corollary of a Geometrical 
proposition. 

V.— A STUDY OF THE NON-ORTHODOX 
SYSTEMS. 

We may conclude our brief survey with an illus- 
tration from the non-orthodox systems. We find that 
the Bauddha Dargana in its earlier stages was divided 
into a large number of schools; but its main schools 1 , 
as recognised in later times, are : (1) Vaibhasika, (2) 
Sautrantika, (3) Yogacara, and (4) Madhyamika. 

i.— THE VAIBHASIKA SCHOOL. 

- * : 

The Vaibhasika school holds that the world of 
our experience has an objective reality and that it is an 
object of perception and sometimes of inference also. It 
is independent of the Buddhi. 

ii. — THE SAUTRANTIKA SCHOOL. 

But the Sautrantika holds that though the external 
world exists, its existence cannot be directly vouched for 

‘Gunaratna’s Com. on §addargana Samuecaya p. 20. ; Sarva 
Siddhanta San gralia attributed to Cafikara. p., 9-18. 
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by our senses, but that it is inferred from the multiple 
forms in which our consciousness, which is naturally 
formless and pure, presents itself. The ‘doctrine of 
momentariness ’ both of external as well as mental 
phenomena is accepted by both. 

Thus the real difference, between the two schools, 
both of which are equally realistic, consists in the 
attitude in which each looks at the order of external 
reality. The burden of emphasis appears to be shifting 
from the outer to the inner. 

iii. — THE YOGACARA SCHOOL. 

The Yogaeara school, however, denies the objective 
character of the world. It posits an infinite number of 
ideas each momentary and self-contained and seeks to 
account for the phenomena of experience by means of 
these 1 . It is due to Nescience ( wfetn ) that we differ- 
entiate an Idea, which is by nature self-luminous and 
indivisible, into the complex of subject, object and 
consciousness. This system has done away with the 
external world altogether and seems to have retired 
more into the Inner Sanctuary of Absolute Truth. 

iv.— THE MADHYAMIKA SCHOOL. 

The finishing touch is given by the so-called 
Nihilistic or Madhyamika school, which dispenses with 
the necessity of recognising the Vijfiana or Idea as well 
Thus all traces of phenomenal experience, both objective 
and subjective, are effaced, and what is left behind is 
the Serene Depth of an Infinite Void. It is called 
in the sense that it is eternally free from everything 
with which our subjective or objective consciousness is 
acquainted : it is above the world, beyond the world 
and even permeating the world, though not defiled by 

Sarvasiddhanta Sangraha. Ch. VI. 
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it, as its abiding background. It is neither Positive, 
nor even Negative (as the word might seem to imply), 
nor both simultaneously, nor other than both, so that it 
is undefinable and in a sense has no ‘character’ (srsr^- 
The Madhyamika explains the whole paraphernalia 
of cosmic experience from the stand-point of this Qunya 
with the aid of Avidya. 

Studying the four systems in the order in which 
we have arranged them we find that there is a conscious 
attempt at gradual retirement from the external to the 
internal and from there into the Abyss of the Void 
which is the consummation sought for. The Doctrine 
of Momentariness is only a stepping stone to that of 
Universal Vacuity. Hence the conception of Nirvana 
has received a fresh purging at every stage until it has 
reached its true significance in the Madhyamika School, 
which is meant for the student of the highest Adhi- 
kdra . 1 

It is not possible to dwell here on the question 
of synthesis between the orthodox system and the 
Bauddha or the Jain. The systems run along parallel 
lines and aim at the same goal, though differently 
viewed.. There is absolutely no contradiction between 
them, inasmuch as each being consistent with itself 
leads to the self-same destination. What we have said 
of the Bauddha or Jain Schools appears with equal 
force to the several branches of orthodox philosophy. 

'Ciibhasya II., 2. 30. pp. 495,12-15. Bombay Sanskrit Series 
Ed. 


THE VRSAKAPI HYMN. 

ITS MEANING AND IMPORTANCE. 

KSBETRESA CHANDRA CHATTOPADHYAYA, M. A., 
Lecturer in Sanskrit. 
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The tenth mandala of the Rgveda (X.86) and the 
twentieth book of the Atharvaveda (X.126) contain a 
dialogue - between Indra and his wife Indram over some 
offence of Vrsakapi. The hymn which records this dia- 
logue is considered obscure and various interpretations 

have been proposed for explaining the story referred to 
here. Vrsakapi, a favourite of Indra, has offended 

Indrarri for which she is extremely angry and she 
tries to rouse the anger of Indra against him and 
threatens to punish him herself (if Indra does not move 
in the matter). European scholars have generally taken 
Vrsakapi to mean ‘a monkey’, or more precisely, ‘strong 
ape or a male ape (Mannaffe)’. “V. JBradke considers 
the story a satire, in which under the names of 
Indra and Indrani a certain prince and his wife are 

intended.” 1 2 Similarly Oldenberg in his “Die Religion des 
Veda”. (Third and Fourth Editions, p. 167). According to 
M. Bergaigne 1 , Vrsakapi was a mythical sacrifieer. Geldner 3 

1 Macdonell’s Vedic Mythology, p. 61. 

2 La Religion Yedique, II, 270 — My information is taken 
from Griffith, Hymns of the Rigveda (Second Edition) 
II, p. 507 note. 

3 Vedische Studien, II, p. 23. 
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took the hymn as a humorous description of the domestic life 
of the gods. And Macdonell 1 considers the myth to have 
no general significance. But the late Lokamahya Tilak 
in his “Orion” (Chapter VII) has proposed an astrono- 
mical interpretation of the myth. 

I shall attempt below a new interpretation of the hymn. 
I follow Both in considering the Rgveda to be its own safest 
commentary. But as the Vrsakapi myth or the name 
VrsaJcapi does not occur elsewhere it will be desirable 
to start from the known interpretation of the earliest 
Vedic interpreters and then try to see how far this hymn 
and the rest of the Rgveda support their explanation. 
The ultimate determining factor, of course, must be the 
Vedic texts themselves. 

I shall have to discuss the entire hymn but in 
so doing I shall refer to the previous interpretations 
rather sparingly because otherwise I shall take up too 
much space. Scholars will kindly consider my interpre- 
tations on the basis of the texts I quote below and 
the discussions I can enter into here. This is the text 
of the hymn 

ft % i 

ft^mftrsf aft*: « 3 n 

«rm: 1 

ji sxh;: u 3 n 

ftjft IWcft i?!! i 

gt ft^mftif? sft*; 11 \ 11 

ftwi ft ! 

®rr ftsr 3ft?: n a li 

ft*rr aiift £ fftfthjr 1 

ftsr wftf * |n ftjftwrft**? : 11 * 11 

*c tmi ^ 1 

*r ftjftswft?^ sd*: 11 % it 

1 Vedic Mythology, p. 64. ' 
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4*? ^ ¥n%4a I 

war** w*? mw 4 %?f 4 srfa f54?% ftn4$rrfcgj- 34?: u« t i 
fie ^r|r i^sl 1 

f%* 4?^ tm4%‘ f4?4?m%if 34?: « e; u 

«4Wfin? hw 4 5T?t4?f4 4*r# 1 
farcwfo? f4*4?mr^[ 34 ?: u s 11 

jsrfNr ?4|?i ai?* arfjf m4 a^fa 1 
f3TT JSa?4 ??^N4_ 34?: || 30 II 

f^raffang an?!| ^aatwfasrara; 1 
f $ten mi aa srfqr 5 t? 4_ qfirfiMswrfgiif 34?: 11 n . »l 
sTTfftf^lftr ?R5JT I 

a^a^* f%: %r t_tf ?rsffir fiR4smf%>g 34?: 11 1 ? u 
tariff |4f4 3Tf| I 
a4?r ?*4 3^4: fa4 4ff4?f? f 34?: IIUH 

f^uff % 4_ qs4^r hi 4 q4f4r fiforftw 1 
f ms 4%. <4? fg m ^ 34?: in 3 11 

tf*4 a ?hN4 1 

»«rc4 fig 4 ft 4 4 sjatfa ^rfgf^Hwrf^it s4?: in * 11 . 
n 44_ a?a ??44s?a?r ^f«3T * se^ 1 
#S?4 *w4 4 wet ta^gal 1 f|ff44 f4?a?mf%i5? 34?: 11 ? $n 
a h 4_ a?4 ?’frr4 faSgaf %3f*44 1 

asa ?*aas?a?T sn*ar ^ , s%^4?w% i g 34?: nun 
wm*% fareefa: q??3icf fa fa$g 1 
ssrf^r war aa asm^aana ariaa* f4?4?wr%ir 34?: in mi 
g?*mftr %5rr4sT%%i^resaiOT 1 
tetfir affg^fatefi? 4i?aaTw‘ ftrcawrf^if 34?: ms 11 
sr«r a a^aa' =3 ssfcr fsaai fa ihaar 1 
%4fa4r ?3T^s?a4tf «js? 33 f^4?ap%^34?: (Ron 
ga$nr §f4ar qhmrat 1 

3 «?f: *3JTa3Xafs?a4ra 331 34?: IR1II 

a |~ 4 fft fara^ fjffeigfjriFa^ 1 

an t ?a ip&ft ^ 3 : aniasnf^tqaf 34?: ir?u 

q^f_ ar4 afaift ?tt 4 4ga fasrfife? 1 

«4 4lT?a*at wwmi 3^?g WWag 34?: IRSd 
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Before beginning a rendering of the hymn I must 
settle what the word Vrsakapi means. European scholars, 
as I have just said, have taken it in the sense of ‘male ape', 
because kapi in the later literature regularly means an 4 ape ’. 
But is it certain that the word had the same meaning in the 
Rgveda ? As it occurs in no other hymn the question is 
difficult to decide. Let us see if by passing f rom the known 
to the unknown any light could be obtained. First of all 
let us try this sense of 4 ape ’ in the hymn. At first 
sight, no difficulty confronts us. That Indram should be 
addressed as mother to a 4 monkey V in verse 7 does not 
constitute any difficulty, for tamed animals are considered 
as children by householders. But it must be confessed 
that there is not a single expression in the hymn 
positively supporting the meaning of 4 monkey ’ for hapi. 
On a closer study of the hymn we find at least one 
expression which goes against the equation ^qpi-monkey. 
Vrsakapi has been called in: 4 sinner beast ’ 

(Both — 4 viel iibles tuend ’ — a Bahuvrihi compound between 
;p| and % n ) or better 4 dread beast ’ in verse 22. The 
‘sin’ referred to cannot be the offence complained of by 
Indram in verse 5, viz., the spoiling of her favourite 
tilings. For ‘sin’ would be much too strong a word for 
the offence ; besides, that is only one offence, whereas 
Vrsakapi is called ‘many- sinned’. There is also the 
fact that after verse 17, we find Indram reconciled to 
Vrsakapi, so that we would not expect a connotation of 
reproach in a term used for Vrsakapi in verse 22. 
I therefore translate the word pulvagha (with the same 
analysis as Roth’s) by ‘dread’. Gods are often called in 
praise 4 dread ’ ‘of terrible aspect ’ &c. We may therefore 
parallel the expression in: by ini n in I 154-2, 

said about Visnu 1 . 5 

1 Yaska (Nir. I. 20) has the following note on l*il n 

of 1. 154*2 : i ^ % * 7 % 
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Grassmaon 1 thinks that the objective agha originally 
meant ‘oppresive’ (bedrangend, wiirgend). The meaning 
of £ terrible ’ is not therefore impossible for pulvagha. 
A monkey can hardly be called a ‘ dread beast I think 
therefore that the equation kqpi=‘ monkey in accordance 
with later usage, fails us here. 

Let us now see if Yaska can give us any help. 
His note on the name Vrsakapi is sr*i fwsiwswf fiir 

. Yaska connects the word kapi with the 
root ‘ to tremble ’. But as no conjugational form or any 
other derivative of the root is found in the Rgveda, we may 
safely reject Yaska’s explanation as one of his usual etymologi- 
cal fictions. But Saunaka, the author of the Brhaddevata, 
a work not far removed in time from Yaska, gives a more 
sensible interpretation, viz., kapi—kapila (‘ tawnycoloured’) 3 . 

In the Brhad-devata (VII. 141), he thus enumerates 
the ‘deities’ of the hymn under discussion: 

‘1% 1%’ mm, sraf % sit i 

Yaska feels that the last adjective is not complimentary 
to a god (according to the ideas of his times) and he continues 
sr*r spiv i Of course the second explanation is 

preferable on other grounds but Yaska’s words show that it 
is possible to find gods described as ‘dread animals’. That 
Vrsakapi is a god will be shown below, 

HYorterbuch Zum Rig- Veda, column 12. 

2 Grassmann in his Worterbuch, 313 and 314, follows 
Yaska in deriving spfa: of the present hymn (X. 86. 5) from 

the root but his reasons are not apparent to me. 

■’Grassmann (Wb. 313) derives hapild from leapt giving 
it the etymological meaning of ‘having the colour of the 
Jcapl=morikey But it is quite possible that leapt and hapild 
are two forms of the same word like lictri and harita and 
‘ tawny ’ may have been the original meaning of kapt. The 
monkey may have been called Icapl because he had the tawny 
colour. Similarly the lion and the monkey were in later times 
called simply hart. 

‘Macdonell’s rendering of the verse (H.O.S. Vol. 6, p. 
288). “ ‘Away, indeed’ is a hymn addressed to Vrsakapi; for 
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Clearly he means that, kapi in the name ‘ Vfsci- 

kapi' stands for kapila. Let ns see if this meaning 

suits our hymn. Vrsakapi has been called ?udT Q*v- ‘a 
tawny-coloured beast 5 in verse 3. The formation of the 
compound shows that kapi is here a substantive 1 
but that constitutes no difficulty for scores of illustra- 
tions can be cited from the Rgveda of adjectives 

meaning a particular colour (like fw, TO etc.) being 

used as substantives possessing that colour 2 . Though 

the author of the Brhad-devata takes the first member V rsan 
to be the substantive and the second member kapi to be the 
adjective we can have little hesitation in explaining the 
compound just the other way. The word kapi has been 
used as a substantive in verse 5. Now Vrsan comes from 
root!'* ‘to saturate’ and the word means as a substantive 
* a potent person or animal ‘ a breeder ‘ a bull 5 and as 
an adjective, ‘ saturating (with rain) ‘ impregnating 
‘ potent 5 ‘ strong ’. We may give to the compound 
Vrsakapi the meaning of ‘the potent tawny-coloured 
animal 5 or ‘the strong tawny-coloured animal. 5 I prefer 
the former meaning and my reasons will be evident later on. 

that brown ( kapila ) bull {vrsan) is Indra and Prajapati : ‘ Indra 

is superior to all’ ” is defective. The meaning that the words 
of ^aunaka can convey is, “ ‘Away, indeed’ is a hymn about 
Vrsakapi ; (beside) that brown bull [or that brown bull and] 
Indra and Prajapati are the deities (= joint-deities) of the hymn. 
Indra is highest of all.” 3^*:’ in Saunaka’s verse is 

not for referring to the hymn, because the opening words 
‘fir ft* has already served that purpose. It is for showing the 
relative importance of the three deities mentioned and Saunaba 
does that in the words of the hymn itself. Indra is thus made 
out to be the supreme deity of the hymn. 

1 See MacdonelFs Vedic Grammar (Grundriss)§ 282 (like 
mndrd-mas ). 

2 In English too expressions like ‘he is riding on a chestnut 9 , 
meaning ‘ he is riding on a chestnut-coloured horse * are not rare* 
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But we have not yet learnt what particular animal 
is meant by the name. The language of the Brhacl-de- 
vata ( * f"*T ’ quoted above) perhaps suggests that 

the animal meant is, according to Saunaka, the bull. 
This is possible, for a wild bull (or a bison?) may be 
‘ a dread beast ’ (or ‘ a voracious beast ’ as Nirukta XIII, 
3 explains the word g?^: 1 ) and may be chased by a hunter 
and his dog. But we cannot be sure that no other 
animal could have been meant. I shall show below that 
the boar is probably the animal referred to. 

The hymn makes it clear that this Vrsakapi is 
related to Indra and Indram. They are divine beings 

and Vrsakapi too may be a divine being. The Bgveda 
is very fond of figurative expressions and often likens 
gods to animals. What divine being could possibly be 
meant by this ‘ Vrsakapi ’ ? Unaided by external evidence 
we cannot decide the question. That aid is given by the 
Nighantu and the Nirukta. The Nighantu enumeration 
of deities in chapter 5 on the whole follows the classi- 
fication of deities according to the three regions, terrestrial, 
the atmospheric and the celestial. The name : 

occurs in the Nighantu (v. 6) among the ‘gods of the 

celestial region’, after j&ft and ifonfc 

and Vrsakapi therefore may be a solar deity according 
to the compiler or compilers of the Nighantu. Yaska 

(Nir. XII-28) exphcitly calls him Aditya ( = Sun). The 
Brliad-devata follows the Nighantu and the Nirukta. Sau- 
naka’s words are vgm qsrrawfafoflr i tn 

I srfa's qw sr: i srraifsfti- 

J But this explanation has nothing to commend it, not 
even perhaps the name of Yaska, J would form 

and not It is highly doubtful if Yaska himself wrote the 

chapters. 
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«rHi» !i (Maedonell’s edition, H.O.S., 

Vol. 5, II 67-69, p. 67). The Gopatha Brahmana (II. 6. 12) 
improving on 1 the words ( Wf ^ 

t<?P6wrc: XII. 27) of Yaska says ‘ «n%*rl I 
lift u ’ ’ 

The Mahabharata (Santiparva — Moksadharma, Ch. 342, 
yv. 86-87) has the Nighantu in mind when it says fwt % 
wmiq; ^4: ^nat «rh i at ingiuHj: n 

i iKHT^rnef'i sttf »t srsrmfe: n 

It is possible that the author of these verses is acquainted 
with Yaska but he has altered Yaska’s explanation ‘ Vrsakapi 
= the Sun’ into ‘ V. = the abstract deity Dharma or Piety.’ 
The reason for this alteration is quite evident Setting 
aside the didactic statement in the Mahabharata we learn 
from the other early native works on Vedic gods that 
Vrsakapi is a solar deity. 

But does the Rgveda give any warrant for this 
interpretation? I think it does. Let us study the hymn 
under discussion a bit closely. We find here several 
attributes of the sun. First of all there are the explicit 
statements about the setting and the rising of Vrsakapi 
in verses 20 and 21 ( gwlfk, wSre )* and the 

implicit reference to his setting along- with Indra in verse 22. 

’Though I say ‘improving on’, I am personally not 
certain which work was later, the Nirukta or the Gopatha 
Brahmana. Dr. D. Gaastra has shown (Introduction to his 
edition of the Gopatha Brahmana, p. 14) that ffifcqffNr 

Hi JHHT is not a quotation from the Gopatha 

Brahmana as Bloomfield and Keith believe. But Gune (Bhandarkar 
Commemoration Volume, pp. 45, 46) found two other passages 
in the Nirukta which might have come from the Gopatha 
Brahmana. Gaastra has also shown that the Vaitana Sutra is 
based on the Gopatha Brahmana and not vice versa (as Weber 
and Bloomfield assumed). 

2 SHIT may mean here, as often elsewhere, ‘ house ’, but 
the cumulative evidence is in favour of the sense of ‘ setting ’. 
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Next, there are other expressions which have been used 
elsewhere only about solar deities. Vrsakapi is brought 
in immediate connexion with wHr ( = waste lands), fpxra 1 * 
( *■ =pu5nf?t|- = high regions?) and (= leagues = plains?) 

in verse 20 and it is certain that the verse means he 
has to traverse these. This at once brings to our mind 
passages like R.Y. I. 35. 8 a, b il wit sfSpnift 

^TSfffT 5 ’ said about Savitr = Sun and we can hardly doubt 
that Vrsakapi too is the sun. Then again, Vrsakapi has 
been called when going down, in verse 21. Yaska 

(Nir. XII. 28) gives the word s v apncmamsana the 
meaning of ‘remover of sleep’ and Geldner (Vedisehe 
Studien II, 28 and Rgveda in Auswahl I — Glossar — p. 
209) ‘ disturber of sleep ’. This is on the assumption that 
vnas means here ‘ to disappear as always in classical 
Sanskrit, and its causative form vnams ‘to drive away’. 
But the root has in the Rgveda a second meaning, viz., 
‘to attain’; c.f. Grassmann, Worterbuch, 718, ‘2 nag’ 

and Macdonell’s Vedic Grammar for students, p. 395, ‘2 
nas’. It is possible therefore that svapnanamsana here 
means ‘ bringer of sleep ’. The sun certainly lays down 
people to rest when he goes down 1 . If Yaska’s meaning 
is preferred, even then the Sun can be understood, for 
he rouses people from sleep when he rises himself. This 
word alone should conclusively prove that Vrsakapi is the 
sun. And last of all, Vrsakapi has been called jpsreft yju: 

* dread beast ’ in verse 22 and I have already noted the 
parallel expression ’g’fr *r *rhr: (‘like a dread beast’) of 
I. 154.2 about Visnu, a solar deity. 

The combination vrsa-kapi is by no means an im- 
possible one as a name for the Sun. The Sun certainly 
looks yellow or tawny and we have in the Rgveda 

1 Compare srr sraftml ttst' =ar r 

jNf i. 35 '2 etc. 

14 
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expressions like f (X. 96.11) and sirotat wit 

wr jt?: 3$: sRnpffa: i sratftrerar did w?fra 

dater spur 11 (X. 55.6 where the sun is meant according 
to Grassmann, Griffith and others). And fm ‘strong’ (or 
saturator) is a frequent term for Rgvedic deities ; compare 
fsnrara fwir in I. 154.3 said about Visnu, a solar deity and 
vrn fffi in X.26.3 about another solar deity. The two 
epithets have also been combined. Agni has been called 
a ‘brown or tawny vrsan ’ in VI.48.6 and VII. 101. 
The ‘brown bull or breeder ’ in V.12.6 “ ■srer, *wrflT ^gift's 
md sr 1®!!!':’’ may be Agni or may be some deity 

distinct from itself (the Bun ?). In IX. 2.6 “ fft- 

tffrffnwt si 1 & tr^” 11 ” the Soma has been called 
a ‘tawny vrsan ’ and beautiful like Mitra (=Sun) and 
shining with Surya (=Sun). This suggests that Mitra 
is also a ‘ tawny vrsan ’ and we actually find the Sim 
called a bull and a ruddy bird in V.47.3 ‘‘3WT sNq: 

difd %j*i fsrasr 1 sfwuwr dssd. 

li ” In VH.88.1, “ wi? as? wfh‘ dfag 

tftegw war 1 q ssfcr tw 11”, 

the ‘lofty vrsan ’ is certainly the Sun and- in the thirteenth 
book of the Atharva Veda the Sun appears simply as 
=the Red One. Instances may be multiplied, ‘vrsan’ 
in vrsakapi may mean ‘ strong ’ or ‘ potent ’ and not 
‘bull’. The saturating power of the Sun is very frequently 
referred to in the Rgveda. May we not now unhesitatingly 
reject ‘Mannaffe’ for vrsakapi and substitute in its place 
‘ strong or potent tawny-coloured animal understanding 
thereby the Sun ? 

I am now in a position to begin a translation of 
the hymn. There is not much obscurity about the meanings 
of the words. Consequently the different translations 
do not much differ from one another and mine too will 
not materially differ from those of my predecessors. There 
will naturally be a few differences here and there and 
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these will be discussed in the notes on the different 
verses. 

“(1) Men have given up the pressing of the Soma 
and 'they have not been worshipping Indra, whereas my 

friend Vrsakapi has been exliilarating himself in the wealth 
(i. e. offerings) of the pious (or the rich). Indra is 
superior to all. 

(2) Thou passest by, Indra, without ‘ minding the 
transgression of Yrsakapi but thou findest not Soma to 
drink anywhere else. Indra is superior to all. 

(3) What has this tawny beast Vrsakapi done 

to thee, that thou grudgest him now the wealth (or 

offerings) of the pious (or the rich) ? Indra is superior 
to all. 

(4) Thy favourite Vrsakapi whom thou protectest, 
Indra, may the hound bite him, may the boar-hunter 
seize him in the ear. Indra is superior to all. 

(5) This tawny animal has spoiled the dear well- 
made and brightened things for me and I shall now 
break his head. I am not going to be indulgent towards 
a transgressor. Indra is superior to all. 

(6) “No Dame hath ampler charms than I, or 
greater wealth of love’s delights. 

None with more ardour offers all her beauty to 
her lord’s embrace ”. 1 Indra is superior to all. 

(7) Yes, Madam, easily won, that is what will 

verily be. My buttocks, Madam, thighs and head seem 

to shake for very joy. Indra is superior to all. 

(8) O thou of lovely arms and lovely fingers, of 
profuse tresses and broad hips, why afflictest, hero’s wife, 
this our (poor) Vrsakapi? Indra is superior to all. 

1 Griffith. I have given his free translation which somehow 
conveys the sense ; for I could myself give only a literal translation 
and that would have been obscene* 
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(9) This mischievous creature treats me as one 
without heroic issues, whereas I am a mother of heroic 
sons, Indra’s wife am I and the Maruts’ friend. Indra 
is superior to all. 

(10) From ancient times this lady has been going 
to the common sacrifice and celebration. She, the rite’s 
ordainer, hero’s mother and Indra’s wife, has been wor- 
shipped (everywhere). Indra is superior to all. 

(11) I have heard IndranI as the blessed among 
all dames for her husband will not age and die even 
in future time. Indra is superior to all. 

(12) I never joyed IndranI, without my friend 
Vrsakapi, whose dear watery oblation goes to the gods. 
Indra is superior to all. 

(18) O bounteous Vrsakapayl, having good sons 
and daughters-in-law too thy Indra will eat the dear... 
oblation of bulls. Indra is superior to all. 

(14) They cook for me together fifteen bulls (or) 
twenty and I take their fat and they fill my belly on 
both the sides. Indra is superior to all. 

(15) Let this drink, Indra, please thy heart, which 
is strong like a sharp-horned bull, bellowing among the 
herds, and which is pressed for thee by the person who 
wants to win thy love. Indra is superior to all. 

(16) , (17) (See commentary of Sayana quoted below). 1 

si mn smrer shr: 
asm* OT*rr sffcnft smart sissrd «§ 

stsstfn SKS stTO SErqUOT ftsprd flfd *tqfh q*? =q 

1%^ mil ET 3P>T *£ q*T JffqiqW 

limrgqw fcfwS fcfd ^ h ^ sw q>f sa&fa 

w wa ^ asm* ?rsgRT i t 

Sfgsq; i faq'uffopqftef q^flr 

qqdtafttw in»n = really means ‘is strong or 

potent/ 
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(18) May, Indra, Vrsakapi obtain a victim of wild 
beasts (?), the knife, the oven, the new pan and also a cart 
with fuels filled. Indra is superior to all. 

(19) I come viewing all the quarters discriminating 
the Dasa and the Arya and I drink the Soma pressed 
only by the guileless votary and I look (with favour) on 
the wise. Indra is superior to all. 

(20) The deserts, and the steep regions and how 
many are the leagues (thou hast to pass) ! Through them 
come down Yrsakapi to thy neither homes. Indra is 
superior to all. 

(21) Come again Vrsakapi, blessed enjoyments we 
(too) shall arrange (for thee or for ourselves), thou who 
bringing sleep goest (down) again to thine home by thine 
(olden) path. Indra is superior to all. 

(22) When you, Yrsakapi and Indra, who were 
on the upper heavens, went to your home, where was 
then the dread beast, where went that charmer (?) of 
people? Indra is superior to all. 

(23) Parsu, the human wife, brought forth together 

twenty children. 'It is good that happened to her whose 
womb had swelled and caused her pain. Indra is superior 
to all.’ £££0££ £££££~A 

What story does the hymn tell us ? According to 
Professor Macdonell 1 , “ This hymn describes a dispute 

between Indra and his wife Indram about the monkey 
Vrsakapi, who is the favourite of the former and has 
damaged the properly of the latter. Vrsakapi is soundly 
threshed and escapes, but afterwards returns when a reconci- 
liation takes place.” Professor Geldner 2 says that it is 
“ a dramatic scene in genuine popular style. Yrsakapi, an 
ape and a bastard of Indra, had on account of a threshing 
left the house and he has now alone and without Indra, 

1 Vedic Mythology, p. 64. 

*Der Egveda in Auswahl II (Kommenter) p. 184. 
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called on people who are celebrating his worship and 
have thereon almost forgotten the God (Indra) himself. 
Daring their vain search for Soma, Indra and Indram 
meet their naughty son and his consort at a banquet.” 
Grassmann writes, 1 “ Dialogue between Indra and Indram in 
the presence of Vrsakapi and his wife Vrsakapayi. Vrsakapi, 
literally ‘the strong ape,’ ‘ the male ape’, who has been directly 
called kapi i. e. ape in verse 5, appears here as a being 
intermediate between a demigod and a demon. While he 
is a friend and comrade of Indra and sacrifices to him 
with zeal, he behaves himself wantonly with his wife 
Indram and torments people. The refrain at the end of 
each verse; ‘Highest of all is Indra,’ obviously did not 
belong to the original hymn and since it breaks the 
connection everywhere, it has been omitted in the following 
translation. The hymn is twice interrupted by obscene 
passages (vv. 6, 7, 16, 17) that break the connection and 
also seem to have formerly formed natural parts of hymns 
in which husband and wife speak together. Verses 6 
and 7 appear to have been taken from an obscene hy mn 
and most likely verses 16 and 17 too. Vrsakapi threatened 
by Indram has been defended by Indra, especially on 
account of a sacrifice which he and his family offer to 
Indra, whereon Indram (v. 15) praises the brew she has 
prepared and derides the offering of Vrsakapi (v. 18). 
This Vrsakapi seems to have wished to fly away to 
impassable regions before the anger of Indranx. Indra 
gives him his own and his wife’s protection and asks him 
to return to the house (vv. 20-21).” Tilak in his Orion 
(Chapter VII) tries to prove that the hymn has an 
astronomical meaning. According to him, Vrsakapi is the 
Sun who has the vernal equinox in the Orion. After 
the autumnal equinox, the Sun passes to the southern 
hemisphere and Tilak thinks that sacrifices were then 
^gvda, iibergetzt, II, p. 484. 
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stopped. According to him the hymn records Indrani’s 
chagrin at this stoppage of sacrifices for her lord ; and 
she is wroth with the mrga (Orion) whose acronycal 
rising was “ a signal to stop such ceremonies, and oblations 
could properly be said to have been spoilt by the 
appearance of this constellation at the beginning of night” 1 . 
Indrani wishes to cut off (= actually cuts off, according 
to Tilak) this mrgcts head and the cut off head of the 
‘antelope’ is the constellation Oanis Major. Indrani is 
reconciled with Vrsakapi (=the Sun) when he comes 
back i. e. returns from the southern hemisphere (at the 
vernal equinox), whereon sacrifices can go on again. 

In interpreting obscure passages of an old text like 
the Rgveda the imagination has to be exercised a good 
deal. But this faculty should be used with considerable 
restraint. I cannot help feeling that my predecessors used 
their imaginations too freely. The ultimate determining 
factor is the text itself. I have used my imagination 
in the understanding of the hymn but have confined it 
within the narrow limits of actual text and have throughout 
sought (and found) parallels for the meanings that the 
words of the hymn seemed to warrant. I now give below 
my own interpretation but before doing that I must 
offer some remarks about the views quoted above. The 
European interpreters have been all misled by their 
supposition that kapi in Vrsakapi means ‘ an ape. ’ 
But I have shown already that hapi should mean ‘ a tawny- 
coloured animal’ and Vrsakapi stands for the Sun. This natural 
supposition would have saved Geldner and Grassmann from 
a host of wild guesses. Geldner 2 thinks that the state- 
ment of Sadgurusisya “ 3*: stm:” 

means that Vrsakapi is a bastard of Indra. This 
betrays a lamentable ignorance of Oriental conditions. 

(Orion (reprinted by Ashtekar, p. 179). 

“Vedische Studien, II, 23. 



112 ALLAHABAD UNIVERSITY JOURNAL 

Monogamy was not a rigid rule in the time of Sadgura- 
sisya or Sayana or the seers of the Vedic hymns 
themselves. IndranI’s co-wife, the mother of Vrsakapi 

would be as good a married wife of Indra as Indram 

herself and consequently Vrsakapi would be as legitimate 
a son of Indra as Indram’s sons would be. Besides showing 
an unbridled imagination Grassmann makes a number of 
assumptions about the original text of the hymn which 

have no warrant save his own inability to understand 
the connections. Against Tilak, I have to say that 
mrga does not mean in the Rgveda an ‘antelope’ but 

‘any wild animal’ (an animal of the chase) and he has 
himself admitted that no trace of the constellation Canis 
Major (Tilak’s Svan in Sanskrit) is found in Sanskrit 
literature. Hence all those suppositions about the cut-off 
head of the antelope with a dog-star behind it at the 
acronycal rising of the Orion when sacrifices have to be stop- 
ped at once fall to the ground. No scientific mind will consider 
seriously an interpretation according to which Vrsakapi at 
one place means the Sun in the Orion, and at another place in 
the same hymn the constellation Orion rising in the 
eastern horizon when the Sun sets (being now at a 
distance of 180° from the constellation). I do not say 
more, because to show the untenability of the various 
assumptions of Tilak would require double the space he 
has himself devoted to the subject. It is a matter of 
pity - for the cause of science that the greatness of 
Lokamanya Tilak’s character, both personal and political, 
and his real fame for vast erudition create an undue 
prejudice in our country in favour of his historical 
conclusions. 

Now for my own interpretation. The hymn most 
clearly refers to an orthodox opposition against the 
worship of Vrsakapi ( = Visnu = the Sun god) to the 
exclusion of the old national god Indra. This opposition 
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is expressed dramatically through the mouth of IndranI, 
Indra’s wife, who is the person that is most likely to 
be affected at her husband’s loss of worship. She is 
naturally indignant with Vrsakapi for whose sake her 
lord has been deprived of his wonted oblations (vv. 1 
and 2). She tries to rouse the anger of her all-powerful 
lord against this insolent beast (vv. 1, 2, 5, 9) but all her efforts 
fail and the old hero expresses his love for and kinship with 
Vrsakapi whose celebration cannot move him to jealousy (vv. 
3, 8, 12). IndranI fails and the worship of Vrsakapi receives 
the weighty support of Indra himself (vv. 19-21). The ‘seer’ 
of the hymn, who is obviously an exclusive worshipper 
of this deity Vrsakapi ( ~ Visnu » the Sun god), cleverly 
disarms orthodox opposition by making Indra himself 
sanction this worship and by the diplomatic 1 refrain at 
the end of each verse, “ 3#:” (Indra is the 

highest of all). This interpretation is based on the actual 
text (in the understanding of which the imagination has 
been used with considerable restraint) and it leaves no 
portion of the hymn out of account. The refrain, verses 
6 and 7 and 16 and 17 and 23 (the concluding one 
which none has ere this been able to satisfactorily 
connect with the previous verses) have all been found to be 
connected with the rest of the hymn.. I have also found 
Rgvedie parallels for all the new meanings I have pro- 
posed. Let me now give reasons for the few innovations 
I have made in the translation and for the new interpre- 
tation I have just proposed and let me further explain my 
position. This will be best done by taking up each verse 
and discussing its meaning. I may, however, mention 
here the legend given in the Brahma Purana (ch. 129) 
of Abjaka Vrsakapi, a man having the nature of 
Siva and Visnu, who was produced from the water’ by 

‘The person who verbally acknowledges the supremacy 
of Indra cannot be branded as a ‘heretic’. 
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Siva, the Godavari and Visnu at the prayer of Indra 
and Sacl. It is possible that the Purana understands 
hapi to mean a monltey but that is quite natural. I 
therefore do not feel disposed to accept the suggestion of 
Mr. Pargiter (J. R. A. S., 1911, p. 808 — 9) about the 
Dra vidian origin of the Vrsakapi cult or to think that 
the Puranic story is not based on our hymn. 

Verse 1 — This verse is put in the mouth of Indra 
by Sadgurusisya, Sayana and Geldner but of Indrani by 
Madhavabhatta (quoted by Sayana on X. 86.1), Durga- 
carya (on Nir. XHL4) and Ludwig. I take it to be 
spoken by Indrani for it contains a note of complaint. 
Indra would not complain against Vrsakapi who is his 
favourite (cf. v. 12) ^4: is taken by Yaska (?)', Sayana 
and Geldner in the Second Volume of the Vedische 
Studien as nominative singular of *[4 (meaning ‘lord’, an 
adjective of f'msfa:). But Geldner in the Third Volume 
of his Vedische Studien (III. 86) and in the Kommentar 
(p. 184) corrected himself by taking it as genitive 
singular of wf? (~ = Aryan). Oldenberg (Rgveda, text 

kritische and exegetische Noten, II, 290) supports this 
correction, sra: should be therefore connected with ugu. 

r* ns> ^ 

Indrani complains that when Vrsakapi (who is only her 
‘friend’, or relation) is revelling at the feasts Aryans are 
offering, her husband gets neither his wonted libation of 
Soma nor the worship ( V man — to worship) Aryans had 
been offering him so long. Indrani cannot brook this 
insult of her husband (and of herself) when she sees 
Vrsakapi preferred to her lord. As is usual with 
women in such circumstances, she becomes angry with 
Vrsakapi. 

Verse 2 . — This verse is ascribed by all to Indrani 
and there can be no doubt on the point. Indrani is 

’Nir. XIII. 4. It is highly doubtful if Yaska is the 
auther of the supplementary chapters (XIII and XIV). 
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wroth with Vrsakapi for he eats and drinks the 
offerings (principally the Soma) that were her husband’s 
due and she points out to Indra the transgression of 
this wretch. She wonders why her husband feels no 
anger against this transgressor; Indra should not condone 
the offence for he is getting nothing himself (“thou dost 
not get Soma to drink in any other place ”). 

Verse S. — Sadgurusisya and Sayana ascribe this verse 
to IndranI but Geldner, Griffith, Ludwig and Oldenberg 
are more justified in putting it in Indra’s month. IndranI 
has tried in the previous verse to rouse the anger of 
Indra against Vrsakapi but Indra asks' in wonder what 
makes her so much wroth with Vrsakapi that she 
grudges him the rich offerings of the Aryans =» 

— ‘ yellow or tawny-coloured animal’, sra: here has 
the same formation and syntactical connection as in v. 1. 

Verse -L— Attributed by all to IndranI. Indra’s 
astonished question makes IndranI lose her temper. She 
had expected that Indra would be estranged from Vrsa- 
kapi the moment she brought to his notice the latter’s 
offence. But she finds to her horror that Indra is speak- 
ing sympathetically about Vrsakapi. She now starts the 
various feminine guiles for inducing a husband’s obedience. 
The first weapon that she uses is a show of violent 
passion. She curses the wretched animal (Vrsakapi) 
whom Indra seeks to defend. Griffith takes Wfg to be 
an adjective to «?r and translates c and d as one sentence: 
“ Soon may the hound who hunts the boar seize him and 
bite him in the ear. ” This construction is possible or perhaps 
probable but not altogether certain. In taking d separate- 
ly we have to supply a new verb, for will not 

do here. On the other hand is better construed with 
e. Consequently d should be connected with c. But if 
we supply in d some verb meaning ‘ may shoot ’ or 
‘ may pierce’, “let the boar-hunter shoot at or pierce his 
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ear” will by itself make quite good sense. Griffith’s 
construction though simpler has the defect of making 
’Nvf superfluous. However, I leave the question undecided. 
But -I ask my readers to remember the word WSf for I 
shall have to refer to it again. 

Verse A — Again Indranfs words according to all 
authorities. Indram continues in the same vein. But she 
first gives the ground for her anger. She has already 

said how Vrsakapi has been snatching away the portion 
of Indra. This altogether failed to make any impression 
on Indra for he asked in wonder why he grudged the 
‘ beast ’ his sacrificial feast. Indram therefore changes her 
charge and now gives out that Vrsakapi had harmed her too. 
What is the harm she had suffered at Iris hands ? 
Grassmann and Griffith suppose that Indrani accuses 
Vrsakapi of having wantonly assaulted her. But where 
is the text to warrant such a view ? . The words are 
simply “8 Wt NgTNf £ r here. is a short 

form for and has the same meaning (‘tawny’— 

tawny-coloured animal) as ^E*t: in v. 3. What things 
of Indram does this ‘ tawny-coloured animal ’ spoil ? 
Geldner 1 supposes that fhm == the delightful limbs 
of Indrani in which lies her womanly attraction but 
about which Vrsakapi speaks ill ( ). But the word 

does not warrant this interpretation. It is derived 
from v N't ‘to artifice’ ; would therefore mean Svell-made’. 

is from V ■ to besmear ; ’ ) would 

literally mean ‘ well-besmeared’. I therefore see no reason 
for rejecting the interpretation of Sayana for Ngiut ( 

'offerings prepared by the worshippers’) and 
stwfV ‘well-besmeared with ghee). $ 
may be in the sixth case (‘of me’) or, as Sayana 
takes it, in the fourth — dative of interest (‘for me’). 

'Kommentar, p. 185, 
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Consequently I understand ‘fknt 

to mean that Indrani accuses Vrsakapi of having spoiled 
the offerings of sacrificial cakes <fec., she had been expecting, 
by eating of them and thereby turning the things into 
impure offals. This is a personal insult and as Indra seems 
to preserve a stolid appearance, Indrani proposes to take 
the law into her own hands and punish the transgressor 
herself. 

Verse 6 . — Indrani speaks again. She attempted to 
rouse the anger of Indra against Vrsakapi by mentioning 
in verses 1 and 2 how Indra was being injured by 
Vrsakapi. Verse 3 shows the callousness of Indra. In 
verse 5, Indrani said that she too was harmed by this 
‘tawny beast’ and in the same way. To make Indra 
feel for her she now recounts her personal charms expecting 
thereby to seduce him into compliance. Her threat in 
v. 5 cd was an idle one. 

Verse 7 . — This verse is ascribed by Sadgurusisya, 
Sayana, Geldner and Oldenberg to Vrsakapi and by 
Ludwig and Griffith to Indrani. There is nothing in the 
previous verse to show that it was addressed to Vrsakapi. 
Why should then Vrsakapi thrust himself here? 
cannot be satisfactorily explained if Vrsakapi is the 
speaker here. The root Wl means ‘ to be excited. ’ Vrsa- 
kapi’s head may tremble for fear but cannot surely be 
excited with joy or (anger) and this ‘trembling for fear’ 
can be understood only after Indrani’s threats in verses 4 
and 5 and not after the mention of her personal charms 
in verse 6. Besides, the address (‘O thou, easy 

of access ’) for Indrani is altogether inappropriate in 
Vrsakapi’s mouth. She is not his wife but Indra’s. JNTor 
can the verse be ascribed to Indrani for who can then be 
‘ the mother easy of access ’ ? I therefore propose to take 
this verse as coming from Indra as the following one 
is according to all opinions. Verse 6 was apparently 
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addressed to him and we may well expect his reply now. 
It is the vocative srar (‘ mother ’) that has misled these inter- 
preters for Indranl is India’s wife and not mother. Tilak 
who ascribes this verse to Indra says, “ I prefer taking 
amba as an affectionate and respectful mode of address, as 
in modem Sanskrit, and the verse presents no difficulty. ” 
But apparently means (or may mean) ‘ O mother of 
your child (Vrsakapi)’. In many countries, fathers often 
address their wives as ‘ mother ’ — meaning of course ‘mother 
of our children’. The word may have been similarly 
used here. Indranl mentions her personal charms in v. 6. 
Indra admits her superiority in beauty in v. .7 a and b : 
though Indranl surrenders her charms for enjoyment, almost 
unasked, these are of no mean order — she is really, as she 
claims to be, the first in beauty. Indram’s personal charms 
are also referred to elsewhere; compare Maitrayani Samhita 
III, 8, 4 and Taittirlya Brahmana II, 4-2-7. In v. 7 c and 
d, Indra admits with great courtesy 1 that her charms 
have an appeal for him. 

Verse 8. — Indra’s words according to all authorities. 
Indra repeats in lines a and b the excellence of Indranl’s 
personal charms. But in c and d he asks her again what 
makes her angry with Vrsakapi. There seems to be some 
significance in the address fwfa (‘O hero’s wife’): it is 
probably meant that a hero’s wife should not chastise a 
poor creature like Vrsakapi. 

Verse 9.— Indranl replies, suffotet is ' paraphrased in 
the Nirukta (VI. 31) by But the accent is not of 

a but of a Consequently the 

meaning is ‘not having heroes (or a hero) ’. Now in 

1 I say ‘with courtesy’, because the (ft is to be connect- 
ed with fBT%) shows that his body is not actually excited with 
Joy. 

Prtnini VI. 2‘2 (with Vartika on it) and VI. 2.172, 
Macdonell’s Vedic Grammar (Grundriss) § 890 Be. and 91 A. 2-b. 
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the Rgveda generally means 1 ‘a heroic son’ or simply 
‘a son’. in line a is matched by sftf&fi 1 in line c 

which certainly means ‘ having a hero or heroes Griffith 
translates ‘ srf*Jr sf tfor? ’ by “ Heroes for my sons 

have I Why does he render then by “ one 

bereft of hero’s love ” ? Geldner renders vira in both 
■wsfkfH; and ffWr by ‘ son ’. Childless women are generally 
held in much contempt. Indram says that she is being treated 
as such a one by Vrsakapi. But she emphatically declares that 
she is srffi’yr ‘ with children ’ for she is Indra’s wife who can 
never be childless. Vrsakapi is certainly not her own 
son. Then what is her issue? ‘I am a friend of the 
Maruts ’ probably means that these Maruts are her sons. 
I translate sakha by ‘friend’ in verses 1 and 9; but it 

is possible that in both the places the word has the 

connotation of Unship. A lady blessed with heroic 
children (the Maruts ?) should not be deprived of her 
share in the festive offering — consequently Vrsakapi has 
no justification in snatching away her portion. It seems 
now that Sadgurusisya is right in conceiving Vrsakapi 
as the step son of Indram. Indian folklore abounds in 
stories of a step-mother afflicting her step-son and we 
find here Indram trying to alienate her husband from 
her ‘ step-son ’ Vrsakapi. 

Verse 10 — Sadgurusisya and Sayana ascribe this 
verse to Indrani. Similarly Ludwig and Griffith. Geldner 
in the Vedische Studien 1 put it in the mouth of Vrsa- 
kapi but later s corrected himself by making Indrani 
or Indra the speaker. Oldenberg too understands it as 
coming from the mouth of either Indrani or Indra. I 
do not know for certain to which of the two the verse 
could be ascribed with better justice ; it may be equally 

! See Grassmann, Worterbuch, 1316. 

’II, 26 . 

■ 3 Kommentar, 185. y 1 V'VYjVVV'V :A,; 
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understood as Indranfs speech or as Indra’s utterance. 
However I give preference to Indram hypothetically. But 
the meaning remains unaltered in either ease. Barren 
women are considered a curse and they are likely to 
be excluded from festive meetings. But Indram, verse 10 
informs us, is both the ‘ mother of heroes ’ < ) 

and has accompanied her husband to sacrifices. [In 
actual ritual Indram had a share in the sacrifice.] 

Verse 11 — This verse is attributed to Yrsakapi by 
Durgacarya (on Nir. XI. 38). Geldner makes Vrsakapayl 
(wife of Yrsakapi) the speaker but his reasons are not 
apparent to me. Sadgurusisya, Sayana 1 , Ludwig, Griffith 
and Oldenberg ascribe it to Indra. I think they 
are correct; for Indram addressed Indra and we would 
expect him to reply. The following verse which is 
certainly Indra’s does not contain any indication of a 
fresh speech. Leaving out the uncertain verse 10, we 
may hold that Indra replies to Indram in vv. 11 — 14. 
In v. 11, Indra tries to soothe Indrani. He says that 
she is the luckiest of women. Women in India (and 
probably everywhere else) consider the longivity and love 
of their husbands and the existence and well-being of 
their sons as the highest fortune. Indrani has this fortune. 
How then can she be excluded from sacrifices? The 
word subhdgd probably means here both beautiful and 
fortunate. 

Verse 1 %-— Durgacarya ascribes it to Yrsakapi’ 
perhaps carelessly for he contradicts himself in the very 

1 Sayana’s alternative ascription to Vrsakapi is the result 
of Durgaoiirya’s influence. 

’“sraurr ^r, srfiU ” on Nir , xi. 39 (M. M. 

Pandit Sivadatta’s edition). The previous verse commented on 
is the preceding one of our hymn, where Durga said 
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next sentence by saying “ All else ascribe 

the verse to Indra. Indra tried to soothe Indrani in the 
previous verse by making her the luckiest of women. 
He fully understands that Indrani’s real complaint was 
that Vrsakapi was receiving worship in the place of 

Indra and that the accusation in verses 5 and 9 is a 
clever lie or at least is secondary (being (thrown out to 
rouse Indra from his callousness). Consequently he now 
gives his reply only on the point of his own alleged 

loss of worship 1 . He says that he never enjoys with- 
out his friend Vrsakapi. Consequently how can he 
envy him the worship and oblations that he is receiving? 
•srrar’ f f%: £ watery oblation ’ probably refers to the Soma 
juice. Not only is Vrsakapi dear unto Indra, he is the 
favourite of all the gods. His dear oblation goes to all 
the gods and that means that all the gods enjoy his 
worship. How then can Indrani incite envy against this 

dear friend of Indra? [It should be remembered that 

Visnu has been called sunt - Indra’s fast friend ’ 

in R.V. I. 22. 19]. 

Verse 13 — Now comes some difficulty. Sadgurusisya, 
Sayana, Ludwig, Geldner and Griffith ascribe the verse to 
Vrsakapi but it seems better to follow Durgacarya 1 and 
Oldenberg in understanding Indra to be the speaker. 
Indra is the speaker of verses 12 and 14. What 
expression is there in v. 13 to show that it comes from 
a different mouth ? The vocative fwhsgrfc presents great 
difficulty. Who is this Vrsakapayl? The formation of the 
word seems to make her the wife of Vrsakapi and this 
is the only meaning which classical usage can attach to 

’Had Indrani charged Vrsakapi with having wantonly 
assaulted her as Grassmann and Griffith suppose, we would 
certainly have had Indra’s reply on the point, if not actual 
retribution for that misdeed. 

*On Nir. XII. 9. 
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the word. Yaska (XII-8) following this usage ascribes 
this meaning to the word and he seems to be supported 
by the Nighantu (v. 6) enumeration. But it is possible 
that Vrsakapayl means here Vrsakapi’s mother ( = step- 
mother, i.e. Indrani) and not wife. This is the only 
meaning that can apparently suit the context, Sayana 
knew Yaska’s words and the usage of his time. Still 
he felt constrained by the actual text to reject them in 
favour of the meaning ‘Indrani’. His words are interesting 
as they show how he seeks not to do violence 

to the accepted formation of Vrsakahapi ; he says, “t 
fNnsnfo i vranti i 

(being more sensible now) — uu (because he ascribes 

the verse to Vrsakapi) ura? fsarib” The mention of her 
good sons and daughters-in-law may make one take 
Vrsakapayi to be none other than Indrani who has 
emphatically called herself sftfor? (‘ mother of heroes) 
in verse 9 . The wealth referred to in the vocative $3% 
connects itself naturally with the good fortune mentioned 
in verse 11 . Verse 13 may therefore be taken as Indra’s 
words addressed to Indrani. Indra continues with his 
consolation. He first humours Indrani by mentioning her 
wealth of children. He now says that he will take the 
offering of bulls. This probably means that though 
Vrsakapi gets the Soma oblation, Indra is not going 
unfed, for bulls axe being offered to him. It is possible 
(or rather certain) that the Soma formed the chief offering 
and oblation of bulls etc. may possibly have been given 
to the secondary deities. Indra was the chief god of the 
Aryans for ages and the Soma was his especial food. 
But the present hymn shows him brought down to a 
lower place and Vrsakapi (-the sun=Visnu) elevated to 
his seat Consequently our poet makes Indra approve 
the offering of Soma for Vrsakapi in verse 12 and the 
oblation of bulls for himself in verse 13 . The word 
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is obscure to me and I have therefore left it 
untranslated in the rendering given above. Yaska gives 
it the meaning ‘giving great joy’. Sayana necessarily 

follows him. Of European interpreters, Geldner 1 gives 
with a little hesitation ‘what is of worth’, Grassmann 
‘efficacious’ and Ludwig and Griffith ‘that which effeeteth 
much’. The adjective faw shows that Indra is thoroughly 
satisfied with the that he is now getting and he has 
therefore no cause to be jealous of Vrsakapayi. i can 
be connected with — ‘thy bulls’, but I prefer to 
connect it with the word that immediately follows it, viz., 
? f»^ = ‘thy Indra ’ = ‘ Indra in whom thou art 
particularly interested’. That the bulls lare not the 
offerings of Vrsakapayi (= Indram) but of the human 
worshippers is evidenced by the plural number in the 
verb of the following verse. 

Note . — If cannot mean ‘Vrsakapi’s mother’ 

but must needs mean, on the analogy of srarral ( 

etc.), Vrsakapi’s wife’, considerable alteration will 
have to be made in the interpretation of this verse. 
I can suggest an alteration which would both suit 
the context and fit in with my interpretations of the 
remaining verses (with, of course, slight modifications here 
and there). Bee below under note on verse 19 for this 
meaning which I prefer though I have relegated it to a note. 

Verse 14 . — The verse I is ascribed by all to Indra 
and no doubt is possible on the point. Indra makes here 
a complimentary reference to the bulls that worshippers 
cook for him. The number of these bulls is according 
to Sayana 15+20 = 35. But I prefer to take it as 
. ‘ 15 or 20’; if f can be supplied, surely can be. 

Verse 15 . — It is put in the mouth of Vrsakapayi 
by Geldner and to herself or her: husband Vrsakapi 


'Glossar, p. 44 
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by Oldenberg but their reasons are not apparent to me. 
I therefore follow Sadgurusisya, Syaana, Ludwig and 
Griffith in attributing the verse to Indrani. Indrani now 
tries to win over Indra to her own view by rousing in 
him a temptation for the Soma draught. Indra has said 
in v. 12 that he is satisfied that the offering of Soma 
goes to Vrsakapi, which all the gods enjoy, and in w. 
13 1 and 14 that he is himself contented with only 
the offering of bulls. Indrani now (in v. 15) praises the 
draught of Soma that his wrag* prepares for him. The 
wstg: (‘seeker of his bhwa— love’) may be Indrani herself, 
in which case the Soma offering is made by her. But 
this is neither certain nor necessary, for the word may 
easily mean any devoted worshipper of Indra ( ie. an 
orthodox Aryan who had not given up pressing of 
Soma for Indra). Indra has expressed satisfaction at 
the bulls he is now getting as his portion. Indrani 
therefore calls the Soma drink which he is now 
willingly going without as “ like a sharp-horned bull 
bellowing among the herds.” She expects thus to rouse 
his old fondness for this drink and then to make h im 
jealous of Vrsakapi, the fellow who has usurped his place 
at the sacrifice. 

Verse 16. — All ascribe this verse to Indrani and I 
have no hesitation in following them. Wine and woman 
are the two great seducers of man. Indrani tried the 
seduction of the former in the previous verse. Of the 
latter she has made an attempt already (v. 6) but she 
makes here a last frantic effort. She here derides the 
person who refrains from intercourse with woman. Her 
hope is that Indra will no longer be able to contain 
himself but will give himself up to her charms; and she 
will secure the banishment of Vrsakapi from the general 

3 But also see below under note on v. 19 . 
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vvorship of people 1 . Geldner thinks that sr : in the first half 
refers to Vrsakapi and in the second to Indra. But 
what ground is there for such a difference in treatment? 
Two different types of men are contrasted here: the type 
mentioned in the first half is that of the celibate whom 
Indram derides as impotent and in the second comes in 
the bull-blooded gallant who is the really strong man 
according to her. Geldner’s quotation 2 from the Hito- 
padesa 3 is neither here nor there but the reference to 
R. Y. VIII. 1. 84 is quite apposite. 

Verse 17 .— “Geldner ascribes it to Vrsakapayl but 
there can be no sense in this view. I have already 
shown that Kapi in Vrsakapi does not mean ‘monkey.’ 
There is besides no difference between a monkey and a 
man (or a god anthropomorphically conceived) that would 
justify Vrsakapi’s wife in reversing the statement of 
Indrani 4 . I therefore feel no hesitation in rejecting 
Geldner’s view. Sadgurusisya makes Indram the speaker. 
But why should she think of contradicting herself, of 
saying here just the opposite of what she has recently 
said •? According to Sayana’s statement in the 

’Compare Kekayl’s (successful) attempt in the Rama y ana 
to secure the banishment of Rama on the strength of her 
loving services to King Dasaratka rendered in the past. Com- 
pare also Iliad XIY, where Hera chains away Zeus from the view of 
the battle, that her own partisans, the Achaians, may not 
be thwarted by the great god in their attempts against Hector 
and the Trojan host. 

2 Kommentar, p. 186. 

3 “ ”, Hitopadesa, ed. Peterson, 

p. 50. 

4 Had the hero of the Hitopadesa story been a man, his 
g w Eg q would not have been only because of his clothes 

whose use the poor monkey did not know. The apish character 
lay not in the dangling of the but in the animal’s pnlling 

out the wedge . . ■ 
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too, Indrani is the speaker of I this i verse but in his 
co mm ents on the verse he makes Indra the speaker. 

Indra is the speaker according to Ludwig too. This is 
perfectly intelligible and I follow it. Indrani set a trap 
for Indra in the previous verse and he here just refuses 
to be caught in it. He denies the correctness of 

her statement. He says that the person who wastes his 

manhood in sexual intercourse is the really impotent man, 

and the strong man is he who stores up his energy by 
continence. Sayana’s remark on the difference with the 
previous verse deserves quoting again : “ 

fawn i **3?rqflf 

ii ” 

Verse 18. — Sadgurusisya, Sayana, Griffith and Lud- 
wig ascribe it to Indrani. Geldner stands done in 
making Yrsakapayi the speaker and he may be safely left 
alone. No wife of Vrsakapi probably takes part in this 
dialogue. 1 qr^anis a difficult word and I do not under- 
stand its precise meaning. A wild animal may be meant 
but what particular animal I cannot make out. Inclrani’s pur- 
pose has been foiled by Indra and she has no choice 
but to make up her quarrel. She now suffers Vrsakapi to 
receive and all that gear-. 

Note . — Does Indrani want to suggest with feigned in- 
nocence that Vrsakapi should receive in the sacrifice ani- 
mal offerings (which are really of secondary importance), 
[so that the chief offering — the Soma — might go over to 
her lord]? would then correspond to ‘the fifteen or 

twenty bulls ’ Indra shows himself contented with in verse 14. 

Verse 19 . — All previous interpreters have put this 
verse in Indra’s mouth and this ascription may be correct. 
If so, Indra probably means that as he goes about view- 
ing people and discriminating between the Aryan and the 

‘Though of course she may have been addressed in v. 13, 
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non-Aryan, he cannot accept any and every offering that 
is given to him but must needs make a selection— ftsrtfc 
: ‘ I drink of the oblation offered by the artless 
votary’. Hence what cares he if he is not universally 
worshipped? But probably Indra is not the speaker here. 
Indram has already said (v. 2), nm'ftst ‘Nor 

receivest thou elsewhere Soma to drink.’ It is difficult therefore 
to understand ffotftr to refer to Indra. The root su 

shows that the Soma drink is meant. If Indra is nowhere 
offered Soma, according to Indranx’s statement, how can he 
have the drink of guileless ( ti# ) pressers of Soma ( ) ? I 

therefore propose to take Vrsakapi to be the speaker. The pre- 
vious verse shows Indram reconciled to him and he may have 
made bold to open his lips now. Vrsakapi is certainly glad 
now and can we not expect him to break into a descrip- 
tion of his own doings ? “ I come Hewing all the quarters, 
discriminating the Dasa and the Arya” would be more 
appropriate in the lips of Vrsakapi, a solar god; though 
“ discriminating the Dasa and the Arya ” alone will easily 
suit Indra. In VIII ff2 it has been said about Indra 
fiNnsuq;” ‘thou comest looking from door to 
door’ and that may be considered as parallel to “srTO'ftr 
ft'aRPsrat” here. But the passage in the eight mandala 
qualifies ftsnsftra; by — Indra looks at every door (for 

his coveted Soma) — whereas in the passage under dis- 
cussion, there being no such qualification, ‘ viewing all the 
quarters’ would be the only natural sense. This latter 
meaning is more intelligible in the case of a solar deity ; e.f. 
‘ft sr?rN^inrr: (1. 35. 5), “ft 

(I. 50. 7) etc. If we. take Vrsakapi to be the speaker, the 
whole verse becomes easily intelligible and connection with 
the previous and the following verses becomes quite patent. 
IndranI said in v. 18 that Vrsakapi might receive his 
(usual ?) meat offering and he probably brags now of his 
greatness— as he goes through the firmament viewing all 
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creatures, he can well understand who is the Aryan (boun- 
teous) offerer and who is the Dasa (niggard). Indra has 
been frequently mentioned as preferring the bounteous 
Aryan over the niggardly non- Aryan (Dasa, or Pani). 
Vrsakapi therefore probably lays claim to the same func- 
tion. He complacently speaks of how he accepts the Soma 
drink (that was formerly India’s wont). The connexion 
with the following verses will be manifest below. 

Note . — If the suggestion thrown out in the previous 
note can be accepted, the following alteration should be 
made. Indram suggested in v. 18 with feigned innocence 
that Vrsakapi should content himself with offerings of 
animals (only). But the clever Vrsakapi, supremely cons- 
cious of his own importance and Indra’s kind indulgence, 
replies here, “I travel through the whole firmament looking 
at people and discriminating the Dasa and Arya (and I 
shall therefore claim, as a matter of right, the Soma offering 
of the pious = Aryan worshipper)”. Failing to win Indra 
over to her view, Indram may have tried in v. 18 to 
induce Vrsakapi (her very object of envy) to surrender 
the Soma offering (to her lord) but he insists on having 
this oblation. 

Indrani may have already (in v. 13) approached 
Vrsakapi’s wife with a similar request, if tvr-vqift means 
‘Vrsakapi’s wife’. Failing to rouse the anger of Indra, 
she may have asked the rich 1 wife of Vrsakapi to 
allow Indra to share in ‘her bulls and dear 
oblation’. If Vrsakapi’s wife is nq-srr and ?pjvr, Vrsakapi 
may well have derided Indrani on account of her 
barrenness (see v. 9.) “%r ife:” ’ in v. 13 may 

be a parallel to ‘spaSt' fsrc^’ in the previous verse, in 
which case may correspond to wfac and mean 

'In the offerings she and her lord receive from their 
worshippers ? 
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‘ watery ’ or better ‘ cooling If Vrsakapi’s wife has been 
addressed in v. 13, #_ should be connected with 
&c. — Indram prays that Vrsakapayi should allow Indra 
to share in the offerings of bulls and the Soma oblation 
that she receives (along with her lord). Vrsakapayi probably 
pays no heed but Indra magnanimously interposes in v. 
14 that he is satisfied with only bulls (secondary offerings ?) 
and is content to go without the Soma (principal offering ?). 
But IndranI tries in v. 15 to induce a longing for the draught 
in Indra’s mind. In v. 16 she tries erotic inducements but 
is rebutted in the following verse. In despair, she 

approaches in v. 18 Vrsakapi himself but he too is 
impervious (v. 19) to her entreaties. Her case is wholly 
lost and she must have the good grace to show herself 
reconciled to Vrsakapi (vv- 21, 22 or 20-22 below). 

Verse 20. — This verse is ascribed by all to Indra. 
At the mention in v. 19« of Vrsakapi’s motion through 
the firmament, Indra probably makes here a complimentary 
reference to that cosmic feat of the solar deity =9 

1 srfijfeYrr requires a gerund meaning 

‘ crossing (which) ’ or a particle meaning 1 through (which) ’ 
to complete the sense and to connect it with the other 

half of the verse and I consider this supplying of the 

ellipsis simpler and more natural than the construction 
put upon the verse by my predecessors. Griffith translates, 

“ The desert plains and steep descents, how many leagues 
in length they spread ! Go to the nearest houses, go 
unto thine home, Vrsakapi. Supreme is Indra over all. ” 
He has but followed Ludwig and Grassmann. He thus 
annotates on the passage, “Vrsakapi appears to meditate 
flight into distant deserts to escape from the wrathful 
IndranI. Indra dissuades him, and promises to reconcile 
IndranI to him.” Is this not a far-fetched interpretation? 
There is no explicit or implicit reference to Vrsakapi’s 
flight for fear of IndranI in any of the previous verses, 

7 17 1 : S ■ 
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Why then this assumption of his flight ? Verse 18 has 
shown Indram suggesting that Vrsakapi should receive 
an offering of animals, slaughtered and duly cooked. 
Probably an earlier verse (v. 13) contains her pleading 
to Vrsakapi’s wife. How can he then still fear her so 
as to contemplate a flight to distant lands ? If it be 
said, that he has already left for those regions and is 
being coaxed now to return as he has no angry mother 
(or step-mother) to meet now, the difficulty about IndranI’s 
address to Vrsakapayl in v. 13 and her reference about 
Vrsakapi in v. 18 remain unaccountable. Verse 19 too, 
as coming from Vrsakapi’s lips militates against such an 
assumption. But if the verse is to be ascribed to Indra, 
why should he waste words over what he does or does 
not when his favourite ‘son’ has to be recalled from 
voluntary banishment ? To connect the two halves of 
the verse Grassmann uses the conjunction ‘ therefore ' 
( ‘drum’ ). He consequently means that the speaker of 
v. 20 tries to impress on Vrsakapi the frightful charac- 

ter of the way he has chosen and asks him to leave 
it for a safer land, the ’ land where he has his home. 
But as Vrsakapi has chosen that region (if he has gone 
there at all) with full knowledge and on purpose — so as to 
remain safe from Indram — how can he be induced to leave it 
through fear ? We should expect instead mention of Indrams 
present good-will (Hfrpw or H?r), the only possible inducement. 

I therefore supply ‘crossing which’ or ‘through which’ 
to connect the two halves of the verse. 1 have already 

referred to I. 35.8 a, b ‘srst sRrwrreft ifosfrn” 

and mentioned that as a parallel to X 86.20 a,b 

and ifrefriT are common to both and fj to*' if it means ‘steep 
regions’, as most interpreters have understood the word, is 
the exact correspondent of (peaks 1 ) in T. 35. 8 a. 

'The ‘eight peaks’ may be eight imaginary hills in the 
eight directions, whence the later meaning of as 
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The obvious conclusion from this correspondence is the 
solar character of Vrsakapi. Geldner 1 has cited I. 35. 8 
as parallel but has not realised its necessary implication. 
If Indra spoke in v. 19, he asks Vrsakapi here only to 
return home after finishing his daily course through those 
deserts and peaks and leagues. But as Vrsakapi was more 
probably the speaker there, Indra now fondly dilates on 
the great distance his favourite ‘son’ has to traverse 

everyday, being reminded of it at its (incidental) mention 
in v. 19 ( sRmfa f^rmrg; ).. 

Sayana takes as ablative singular but 
it is better to follow the other interpreters in taking it 
as adjective to srdr usually means in the Rgveda 

‘house’. But as^rfJ^ is also mentioned here, I prefer to 
approximate to the later meaning of ‘setting’ — 

Htf=‘set and come down towards thy 

nediyas home.’ X. 86 is a very late hymn of the 
Rgveda and a closer connection with classical usage may 
be expected here. Sayana and all European interpreters 
have rendered by ‘nearer’, but I have followed Tilak 

in giving it the meaning ‘ nether ’ (‘lower’) — a meaning 
for which he seems to have made a strong case 2 . The 

setting of the sun is apparently his going down and when 

he sets, he goes to the other part of the earth. The 

gods were probably conceived as dwelling there. To 
support this assumption of mine I may refer to I. 35 

again — but this time to verses 6 and 7 of the hymn; 
'fNft <sn«b sfagg? sq^sr? imw tetit i 
sNfttJ 3T % trfas&rat. I! ra if _3Ctff 

i sti^rarf gq': q>5r*i at clam u The 

former verse contains a riddle, which is repeated 

in the latter. By reading the two verses together care- 
fully the solution of the riddle is easily obtained. Verse 

1 Koinmentar, p. 187. 

“Orion, eh. YII note on R. V. X. 86. 20. 
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6 declares that there are three heavens (= regions); of 
them, two are the laps of Savitr and are therefore fully 
illumined by him. The one that is in the region of 
Yama must needs be the third heaven. What is that? 
Verse 7 indicates the answer. We have in lines a and b of 
this verse reference to the sun’s having traversed the firma- 
ment above us; therefore means ‘after that’, i.e. 

‘after the sun has set’. The poet wants to be told 

where the sun shines after he disappears from human 
sight. Most clearly the sun goes dwon after he sets. 

The poet most probably believes that the sun’s great lamp 
is not extinguished but shines below this earth 1 . 

The first two regions are therefore the earth and 

the heaven above (between which the sun moves) and 
the third is the world below this earth. That is clearly 

the region of Yama. If it is the region of Yama, it is 
also the abode of the gods for (X. 135.1) 

‘ Yama drinks with the gods’. I may mention here the 

Greek conception of Hades living below the earth and 

the departed heroes dwelling in bliss in his company. 

But I am not at all certain that Tilak 2 is justified in 
localising the third ‘foot’ of Visnu too below our world. 
That the sun illumines Yama’s region may be an idea 
peculiar to the poet of R.V.I. 35 alone, for otherwise he 

would not have thrown out the riddle*. As when the 

' 'Differently, of course, Aitareya Bvahmana, III. 44 : 

“tr 3T«i*s! ifrtflr h «?gr 

H ^ *1 fitsrNefifo l| We have here neither an old idea 

nor a contemporary one but only a dogmatic innovation in 
the usual Brahmana style. 

“Arctic Home in the Vedas, p. 331. 

T must not also be assumed to accept Tilak’s contention 
(Arctic Home, ch. x. p, 308 ff.) that the Rgvedic Aryans knew 
the earth to be a globe. 
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aun sets here he goes to dwell in the company of gods, 
Indra invites Vrsakapi to his presence saying : “The 
deserts and the steep descents and how many are the 
leagues thou hast to pass ! Through them come down, Vrsa- 
kapi, to thine home in lower realms.” j^f when masculine is 
used in the plural though the sense may require the singular 
number, therefore This nether home 

is also the abode of Indra (and Indrani). He therefore 
calls back Vrsakapi to the common home after his day’s 
toil through all the upper space. He must have been 
highly satisfied at Vrsakapi’s not allowing himself to be 
caught in the trap set by Indrani (in v. 18). 1 

Note . — All this on the supposition that Indra is the 
speaker of the verse. But it may be as well put in 
IndranI’s mouth. The only alteration that this would entail 
is that Indrani with a good grace becoming (?) of a 
hero’s wife’ speaks here kind words of welcome to the 
person she failed to injure. Ho recalling from banish- 
ment need be thrust here even according to this new 
interpretation. 

Verse 2l — Geldner in the ‘Vedische Studien’ ascribed 
this verse to India but in the ‘Rgveda in Auswahl’, 
he supposes that either Indra or Indrani may be the 
speaker. Oldenberg follows the latter view but with some 
uncertainty. Griffith, Sadgurusisya and Sayana make Indra 
the speaker. Durgacarya (on Nir. XII. 28) makes the 
impossible assumption that it comes from Vrsakapi’s lips 
(‘t'*T*Sm»l’). Ludwig supposes Vrsakapayl to be the 
speaker but what is the necessity for dragging her in 
here? The verse is certainly in continuation of what has 
just gone before. If Indra was the speaker there, we 
may naturally understand him to be the speaker here 

1 This is of course on the assumption, to my mind the 
more justifiable, that Vrsakapi is the speaker in v. 19 and not 
Indra. 
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too ; and if Indram was the speaker, it is she who is 
speaking now. is in the dual number; therefore 

two persons must be understood as its subject. They 
may be Indra and Vrsakapi — ‘‘Hfwui meaning ‘ we 

two shall arrange enjoyments for ourselves ’ ; or Indra and 
Indrani (or Indram and Indra), the second person, though not 
actually speaking, being mentally associated — s^qsrmt ” 
now meaning ‘ we two shall arrange enjoyments for thee’. 
Indra and IndranI may also be directly conceived as the 
speakers of this verse. I would, however, personally prefer to 
take IndranI to be the sole speaker in verses 20, 21 and 22. 
The dual number in the verb of 21b will be justified 
by the mental association of Indra. A better view, how- 
ever, may be that Indrani associates with herself not 
Indra but Vrsakapi’s wife Vrsakapayl, if, of course, such 
a person is referred to in v. 13. In any view, we have 
here Indrani thoroughly reconciled to Vrsakapi. swtff gives 
a mere repetition of in the previous verse. 

(=ufeuH) is the opposite of As it is in the 

plural I have rendered it into English by ‘blessed en- 
joyments’ instead of by ‘welfare’ that would have suited 
in the singular. "W refer to understood in 

the first hemistich. “wsnitHrs Yaska renders by ‘ destroyer 
of sleep’. He writes “ 3#*”. • But I 

have already pointed out that may have been as 

well formed from vncts ‘to attain’; ‘bringer of sleep’ 
would then be the meaning of the compound. The deriva- 
tion and the meaning proposed by Yaska and followed by 
Sayana (and Geldner) may also suit the context. The 
construction will be a little different in the two cases, 
snsmifs in v. 20 and in 21a could be easily taken, 

by themselves, to mean ‘ come back to us, Vrsakapi, who hast 
fled away for fear of Indrani’ as* some of my predecessors 
have done. But “*? §4:” makes this meaning 

impossible : ‘ come again, thou, who comest home again’ 
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gives absolutely no sense, if we suppose that Yrsakapi 
has fled away for only once. But if we suppose that 

Yrsakapi is being requested to return home as he does 
every day, no difficulty arises at all. I therefore take 

‘■ssrttrfiwr to mean ‘ who eomest home again and again 

by thine olden path’. The beaten track of the sun is 
frequently referred to ; cf. $ # 

i awa? srer *rr*rfa: wntft ^ ti B. Y. 

I. 35. 11. If is from V ‘ to disappear’, the meaning 
for the second hemistich would be “Thou, killer of sleep 

{i.e. rouser of men from sleep), who eomest home again and 
again (everyday) (after finishing thy day’s journey through the 
upper spaces).” If it is from V ‘to reach’, we would 
have, “ Thou, who, bringing in sleep {i.e. laying down 
creatines to rest — cf. ndf tr’ I. 35. 2b) eomest 

home again and again (everyday).” I consider both these 
interpretations possible but the second more natural. 

Verse 22 — Sadgurusisya and Sayana make Indra 
the speaker of this verse. But as we have ty? in the 
vocative in the second line he cannot be the speaker 
here. Geldner supposes that the waiter (sefh: ‘seer’) 
of the hymn is the speaker. This is quite possible but 
is not altogether certain. Another plausible view’ is that 
of Durgaearya, followed by Griffith and with some uncer- 
tainty by Oidenberg, viz., that it comes from Indram. 
Sayana has given this as an alternative explanation. 
Durgaearya and Sayana, however, make and 

refer to the same person (Yrsakapi). But how is 
that possible? ‘srsbrs'aa’ is paraphrased by Yaska(?) 
in Nir. XIII. 3 as sraufla. But the termination is 
certainly that of the active (tt^'T^) plural (in the second 
person and plu-perfect tense). We cannot therefore refer 
it to one person. We have the plural number in Sans- 
krit when we have more than two persons. But in the 
present case only two persons have been addressed in 
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the vocative, Vrsakapi and Indra. We should therefore 
take sislrreH to be an irregular 1 plural for the dual. 
Geldner’s statement 2 that the plural is used because 
there are four persons is open to the objection that 
Indrani and Vrsakapayl. have not been addressed here, 
along with Indra. and Vrsakapi. The objection is, however, 
not a serious one ; for if Indrani can mentally associate 
Vrsakapayl with herself in v. 21, the seer of the hymn 
(who is the speaker of v. 22 according to Geldner) 
can certainly associate in mind Indrani with Indra and 
Vrsakapayl with Vrsakapi. “3^:’’ Durgaearya explains 
as in the singular number but Sayana more sensibly 
takes it to be in the plural. Here too we must either 
understand the dual number or make the word adjective 
to Indra, Vrsakapi and their respective wives. 

In the previous verse Vrsakapi has been welcomed 
back by Indrani (or Indra) to their common home, ‘a^u:’ 3 
should therefore mean ‘who were in the upper heavens’ 
After Vrsakapi and Indra reach their home, which 
is below the earth*, the earth becomes enveloped in 
darkness. Hence the poet 5 asks what then becomes of 
that ‘dread beast’ who was so long roaming about the 
firmament. I would again refer to I. 35 (verse 7 : i^gqyif 
srgs i qjr*: sfsr&j saur srf 

&uw u). For “s* 5 # 5|u:” I have already cited 
the parallel I. 154.26 a tftsr: (said, it should 

be remembered, about Visnu=Sun). This verse very 
conclusively establishes that Vrsakapi is the Sun. Durga- 
carya’s words on the verse deserve quotation here: 

1 For a somewhat similar irregularity, c. f. 
in R.V.X. 85.475 

“Kommentar, p. 187. 

3 This probably militates against Geldner’s view for cer- 
tainly Indra oi and VrsakapSyl had not gone out of the ‘house’. 

5 See above on pp. 130-132. 

'Accepting of course Geldner’s view that both 22 and 
23 are spoken by the author. 
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ninxm sn?f%4 gsrcift 

‘srswsci!!’ a^T3st$ ff 5*?srsrMr, « ?rsrsrterer gr mwm&l 

.TO5W$SK, fr^cRTTI^ ‘^fa?s[r3m?cR’ %8t i 

cT^r cHra' ’2^1'OTtt ST€5$ 3SN?: 1 

sr^tfcr ‘^T 253§T ^HT:’... ...” (on Nir. XIII. 3). I have no 

alteration to suggest excepting the substitution of the dual 
or plural number for the singular in etc. The meaning of 
has been already discussed, ‘sw^ukr:* Durga renders 
by sradifHj and Sayana by srara! $n?-(? “?)-fom. ‘To delude’ 
is also the meaning of the root 3 ^ according to Panini. 
Grassmann renders snprrtbi: by ‘tormentor of people’, 
Ludwig by ‘obstructor of people’, Griffith by ‘who troubles 
people’, but Geldner following Durgacarya by ‘misleader 
of people’. I cannot suggest any rendering with certainty 
but I tentatively propose ‘charmer of people’. 

Verse 28 — This verse has been ascribed by Sad- 
gurusisya and Sayana to Vrsakapi and by Ludwig to 
Vrsakapayl. Griffith makes Indranx the speaker. Oldenberg 
suggests with some doubt that either Indra or Vrsakapi 
spoke this verse. But I have little hesitation in rejecting 

all these views and taking the author of the hymn 
to be the speaker here. I do not however stand alone 
but I have the support of Professor Geldner 2 . The 

verse has all the appearance of an author’s personal 
remarks at the conclusion of a poem and I therefore 
understand it to contain the writer’s own words about 

her 3 own self. The third person constitutes no difficulty 
for Rgvedic poets have referred to themselves as often in 
the third person as in the first ; cf. I. 85T1, VII. 

33.6 &c., I differ here from Professor Geldner only 
in the view 4 that the author speaks about Vrsakapayl. 

1 This should make the author speaker here. 

“Vedische Studien, II. 38. 

8 That the author is a lady will be shown now. 

*Vedische Studien II. 42, 
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We often find authors of Rgvedic hymns giving 
their names in the concluding verses ; cf. 331. 62.18. 

The name of our author seems to be Par'm Manavi : 
it is then a lady who has been pleading so cleverly 
for the worship of Vrsakapi the sun. ‘ Manavi ’ can 
mean ‘ Manu’s daughter’ but the more likely meaning 
would be here, as usually, ‘the woman’ or ‘the human 
wife’. 1 Geldner 2 refers to Taittirlva Brahmana III. 
2. 2.2 for ‘Parsu Manavi’ but the reference is without 
any point. The passage is a Brahmana on the Mantras 
(in Taittiriya Samhita I. 1. 2) in connection with asvaparsu- 
dhdrana. For “suwmf^wrf mmj fsRter” 

in the Mantra we have the Brahmana 
I I fsuwrt i w^r frarr 

i mnsft % n” Here ‘wRsft ft ug:’ is an 

attempt at explaining flgyu ficfT in the Mantra. It should 
be noted that the word does not occur in the 

formula. It is rwsit (vedi ?) which has been called w^*nr 
in the Mantra ; but has been dragged in by 

the Brahmana. The only thing that the Brahmana 
passage proves is that its author was acquainted with 
our hymn and tried to interpret the Mantra with words 
taken from the Rgveda. It is unnecessary to labour the 
point further, for Professor Geldner' has not himself paid 
any serious heed to the Taittiriya passage in the 
rendering of R. V. 86. 23a 3 . 

In Parsu Manavi, ‘ Manavi ’ can hardly be the 
personal name. ‘Parsu’ alone can be the name of the 
writer. But gotra names are so often used in Vedic 
literature instead of personal names, that we cannot be 
sure that we have not a gotra or a clan name here. 

1 Grassmann (Uebersetzung II, 486) renders “ Das menschliche 
Weib, Par<jti mit Namen.” 

'Vedische Studien II, 42, Kommentar, 187. 

3 Cf. Yedische Studien, II, 28, Glossar, 107, 135. 
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If it is a gotra or a clan name, the connection with 
Persia naturally suggests itself to one’s mind. Ludwig 1 
and Weber 2 * believe that the word ‘ Parsu ’ has been 
used in the Rgveda in the sense of Persians. Zimmer* 
has rejected the view but there is neither any inherent 
improbability in it nor any cogent ground against it. 
Professors Macdonell and Keith, who seem to follow 
Zimmer, had to say *at least, “At most the only 
conclusion to be drawn is that the Indians and Iranians 
were early connected, as was of course the case”. 4 
It is certain that Ludwig’s interpretation of X. 33.2 
$ *rt sraalfft 'rare: i ft gftd srriRft smr wng# 

- ~ - - - - \a 

J?ft: ll” is impossible: "rare: here must mean ‘ribs,’ 
‘sides’. In VII. 83. 1 ‘«rar w*r wrwr hr?#: 

SfrcNt i =3 £ TOmtftr =ar n” 

too Parthians and Persians are not referred to. Still, 
there is at least one passage in the Rgveda, viz., VIIL 
6.46, where ‘ Parsu ’ does not mean ‘ rib ’ but is a name. 
In X. 86.23 too ‘ Pdrsu ’ is certainly a name. But a 
woman cannot bear the same name as can be given to 

a man. We have therefore a family name or a clan 
name here and not a personal name. Zimmer 5 * says 
“P&rsu as a proper name is not at all so rare in 

Sanskrit that at its occurrence the distant Iranian 

race must be suggested at once.” It is true that 
Panini® mentions the Parsus but they are a tribe 

of mercenary or fighting people 7 . The Perses are found 


1 Mantralitteratur (Der Rigveda, iibersetzt, III) §45. 

s See Macdonell and Keith’s Vedic Index, I, 504. 

■’Altindisches Leben, pp. 135—138. 

4 Vedic Index, I, 505. 

“Altindisches Leben, 137. 

°V. 3. 117 » 

’Compare Panini v, 3.114. * * 
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called Parsus or Pa-ar-sus in the Babylonian inscriptions 1 
and they were certainly a warlike people who taught 
their sons “to ride, to draw the bow and to speak the 
truth” 4 . Cannot Panini’s Parsus be connected with these 
people? Borne of the other names in the Ganapatha 
under the Parsvadi class seem to be of foreign tribes 
and the Parsus may have been peoples of Iran or living 
on the outskirts of India proper in Panini’s time but 
there is nothing to show that the Parsu individuals 
mentioned in the Egveda are foreigners. On the con- 
trary, R. V. VEI. 6.46 proves that the Parsu people were ori- 
ginally identical with or formed a section of the Yadvas=the 
Yadavas who were one of the five tribes of the Vedic Aryans. 

This hymn is addressed to Indra and concludes 
with a trca containing, according to the Anukramani, 
danastuti of Tirindira, Parasavya. The three verses are: 
srawf i ?nsrr% STftiuJs ii u srarsj<fat 

ulwN: t n a® it 

#1 l snrq; II *; I $ i »=; 11 Griffith translates 46 as 

“A hundred thousand have I gained from Parsu, from 
Tirindira. And presents of the Yadvas.” He makes Tirindira’ 
and ‘Parsu’ refer to the same person. But his treatment 
of sra*? and is impossible. The separation of 
from by and and the balancing of hjjq • 

by wi 1 show that sraq and are two 

distinct objects of and is not. the adjective of 

We should therefore translate with Grassmann, 
‘Presents of the Yadus I have received, a hundred from 
Tirindira, a thousand from Parsu. This might suggest that 
Tirindira and Parsu must be two different individuals 
and Professors Maedonell and Keith 3 have taken this 
view. But this is not at all necessary. In the following 

J See the Babylonian text (in Weissbaeh) of Darias Bisu- 
tun, Do. Persepolis and Naksh-i-Rustum. 

“Herodotus I. 136. 

3 Vedic Index I., 310. 
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verse some people (‘ the same Yadvas ? ’) are praised 
for a gift to Pajra Saman of three hundred horses 
and ten tliousand cows; both horses and cows (though 
different in number) come from the same source. We 
may similarly interpret the previous verse as meaning 
that one donor gave to our poet (Vatsa Kanva) a hun- 
dred heads of one species (horses) and a thousand of 
another (cows). Tirindira and Parsu may be thus iden- 
tified. The separate mention of the two names need only 
suggest that Tirindira is the personal name and Parsu 
the family or clan name. It may not be necessary 
therefore to reject with Maedonell and Keith 1 the statement, 
of the ^ankhayana Srauta Sutra (XVI. 11.20) and of the 
Sarvanukrama of Katyayana (on R. V. VIII. 6, Maedonell’s 
edition, p. 28) that Tirindira was Parasavya (‘ descendant of 
Parsu’.) Whether we may make Tirindira a Parsu or 
not must be connected (in sense) with both 

and qtri. We have therefore a Parsu or the Parsus 
as Yadava. Sayana, to be sure, proposes as an alterna- 
tive interpretation that Parsu Tirindira snatched away the 
wealth of the Yadavas and gave of it to our poet but 
probability goes against him. There is no nominative in 
verse 47; to suit the plural verb we must bring in 
the nearest substantive in plural and that is certainly 
at the end of the previous verse — it is probably 
the munificence of the Yadus which is being extolled in 
verse 47. Tirindira Parsu (or say Tirindira and Parsu) 
eulogised in v. 46 cannot therefore be the enemy (or 
enemies) of the self-same Yadus. These Yadavas formed 
an ancient Indo- Aryan tribe, mentioned throughout the 
Rgveda. This should make the Parsus ~ Perses- a section 
of the Indian community. Professors Maedonell and Keith 
have admitted 2 , “ Yadu princes must, be meant by 

1 Vedic Index II. 310 and 504. , 

Wedic Index I. 310-311. 
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TMndira and Parsu”. If one Parsu is a Yadava, why cannot 
another (say, the author of R. Y. X. 86) belong to the 
same race? I do not see why we should not derive the 
Perses of Iran from the Yadavas of India. 

The concluding verse of the hymn extolls the gift of 
one individual, because srunr, are in the 

singular number, means a pre-eminent or excellent 

animal 1 in R.Y.I. 46. 3, I. 181. 5, 1. 184. 3, IV 44.2, V. 73. 7 
and V. 75.4 and the term has been applied to the Maruts in 
II. 34.11, to Visnu in III. 54.14, to Indra in VIII. 45.14 and 
to the Soma juice in IX. 67.8. The word should therefore 
mean here ‘the great one’. Grassmann in his Dictiona- 
ry (309) puts down the word W|fs in VIII. 6.48 as 
meaning ‘a prominent animal of the yoke’ (‘ hervorragendes 
Zugthier’) but in his translation (I, 558) he corrected 
himself to ‘ great one ’ (Der grosse ). That great one, 
eulogised as having mounted up to heaven by the very 
giving of ustras 2 yoked in four (to our poet?) should be, 
according to the context, the same person whose muni- 
ficence our poet has set out to immortalise. That person 
is certainly mentioned in the first verse (no. 46) of the 
trca. We should therefore read in that verse reference 
to only one individual. 5 Parsu is thus a family or clan 
name of Tirindira. A verb has to be supplied in line c 
of verse 48 and that should be in line a. Verse 

48 should be translated thus : “The great one has mounted 
up to heaven by the giving of camels yoked in four and 
has attained in fame the (entire) Yadu host.” 4 The last 

’Or a prominent or humped animal, say a camel or a 
humped bull. 

8 Camels ; the usual European rendering is ‘buffaloes’. 
See Vedic Index I, p. 104. 

’Because is in the singular. 

4 1 have little hesitation in setting aside Grassmann’s 
emendation (hbersetzung, p. 558) of Sfsfat into 
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portion may be easily taken to mean ‘has distinguished 
himself most among the Yadus a sense which would very 
well accord with the context. Here too there is no indi- 
cation of rivalry or enmity between the patron of the 
poet and the Yadavas. The greatest objection against 
taking the Yadavas mentioned in VXIL 6.46 and 48 as 
inimical to Vatsa Kanva’s patron Tirindira Parsu (or Tir- 
indira and Parsu) is the fact that the Kanvas are the 
friends of the Yadus; c.f. R.V. I 36.18, TOT. 4.7, VTH. 
7.18, YIH. 9.14, VIII. 10.5, VIII. 45.27. Sayana’s alternative 
explanation of verse 46 may therefore be safely set aside. 
I do not want to deny that some slight distinction is 
made between Tirindira Parsu and the Yadavas but that 
is easily explained by taking the prince to belong to a 
distinct clan of the Yadu race. 

R.V. VHI. 6.46-48 is not the only passage which 
suggests the Parsus=the Perses to be a section of the 
Yadavas. The word ‘Yadva’ occurs four times in the 
Rgveda, in VHI. 6.46 and VIII. 6.48, quoted above, in 
VH. 19.8 (by the side of “Turvasam) and in VHI. 1.31. 
Hymn VIII. 1 contains in verses 1-29 praise of Indra and 
in the following, 4 verses a danastuti. The four verses 
are ?uif sjt #_ wsrtatij; I faff^Rsir: 

vivtjm wsr# ii n m 

i ftt srfe <ig: ii n 3 j«st 

*rslr‘ *mrt w=aT ferret i sbtmHirei 

u ti sre graffmfi srir t 

wrhwrt w ^krt ii ^ ti Verses 30 and 

31 are to be taken together, otherwise in 81 a cannot be 
properly construed and the sense of 31 remains incom- 
plete and (‘and 5 ) in line c becomes meaningless. Besides 
the liberal patrons enumerated in verse 30, we have un- 
doubtedly another such name in 31 c,d. That patron is 
*n^: who is Yadva pasu ‘qg':’ Sayana renders 

as ‘rich in cattle’. But mo grammatical justification 
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can be found for this explanation. Neither is it 
intelligible how a person who is a descendant of the Yadu 
race and who knows about priceless treasures and seems 
to be a liberal donor too can be called a ‘a beast’ 
Mr. Griffith, who rendered the second, hemistich of the verse 
by “For skilled is Yadu’s son in dealing precious wealth, 
he who is rich in herds of kine,” felt the difficulty. We 
therefore read in his notes, “pakuh which appears to be 
in apposition with Yaclvah is hardly intelligible here. 
Sayana explains it as parnman, having beasts or cattle, 
or as a derivative of pa's, to see, and meaning one who 
sees what is subtile,* suhshmasya drashta. Neither of these 
explanations has anything but Sayana’s name to recommend 
it, but I adopt the former as a make-shift.” I need hardly 
comment on Sayana’s alternative explanation. Grassmann 
renders by ‘every man of the Yadu race’ 

but he feels constrained to put a querry mark after ‘ jeder 
Mann’. This shows that he too cannot tackle the passage. 
Geldner (Kommentar 121-2) writes, “c tdrsarn dha- 
nam ciketati 1 esa asahgo datum, janati S. But 1 
the subject is more likely pasuh in d, that cattle which the 
Purohita has received from the Yadu king in addition to 
horse and carriage ”. Oldenberg in his Rgveda, text 
kritische und exegetisehe Noten (Vol. II, p. 74) refers to this 
interpretation of Geldner but makes the pertinent remark 
“It seems to me that the verb governs in typical manner 
a noun in the genitive (c. f. on both V. 73.6 ; VI 59.5) and 
has for its subject the patron”. Oldenberg himself leans 
to Ludwig’s rendering, which is “ While I through faith 
of the desired (Indra’s ?) horse yoked it to the car, then 
he thinks also of the beautiful treasure, which is the cattle 

1 The ‘ aber ’ seems unsjustifiable. Sayana identifies the* 
Yadva pahi with Asafiga and it is that he takes as the 

grammatical subject of 
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of the Yackva.” 1 Against the rendering of the second 
half I may say that in the two other (VII. 19.8, VIII. 6.46) 
passages where the word *TiiT has been used we have it 
in connection with persons and not animals and it is 
doubtful if there is any other certain use of a similar 
adjective for an animal. I therefore feel inclined to take 
W here as the name of a person. The nearest equi- 
valent that I can think of is There is difference in 

accent, to be sure, in addition to the want of a repha 
but the word ‘paw’ meaning cattle is at least known to 
have been accented in two ways, either on the first syllable 
or on the second. May we not therefore take the 'JS 5 * 
in VIII. 1.31 to be a variant for qfj: which was, as I have 
shown above, a family or a clan name? If tills suggestion 
can be accepted, the connection between the Parsus 
(=Perses) and the Yadavas suggested by VIII. 6.46 
receives a confirmation. 

I therefore consider the Persians of Iran to be the 
Parsus, a section of the Yadavas of India, who migrated 
from this land in post-Rgvedic times. Panini’s Parsus 
may have been, as I have already said, Iranian Persians ; 
but they could also be such descendants of the old Yadava 
Parsus as might still be in India for the Satvats, an 
undoubted Indian tribe, belonged, according to the Ganapatha 
as we have it to the class (Pa. V. 3. 117). The 

Baudhayana Srauta Sutra (XVIII. 44) makes the Parsus 8 

Ludwig, Der Rgveda, II, 171, “Weil ich vermoge des 
glaubens des verlangenden [Indra’s ?] rosse an den wagen 
brachte, 1 da denbt er auch an das schone trefliche, was das vieh 
des Yadava ”. 

2 Can the loss of the repha be accounted for by the 
shifting of the accent to the following syllable ? 

3 Caland in his “iiber das Rituelle Sutra des Baudhayana” 
(p. 36) gives the. name as Spar in but he puts a querry mark 
after it. In his Bibliotheca Indica edition of the text (p. 397) 
too he prints the name as Spar^avah. The Vedic Index (II, 489, 
article ‘Sparin’) but follows Oaland’s statement in the pamphlets 
“liber das &e.,’' But the s most obviously belongs to the preceding 
19 
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along with the Gandharis and the Arattas, descendants of 
Urvas! and Pururavas, settled in the west. These Parous 
may well be a section of the Yadavas who in Epic and 
Puranie times were settled in the west of India. So when 
Zimmer 1 objects that the Parasavas were a people to the 
south-west of the Madhyadesa, I cannot believe that the con- 
nection of the Iranian Persians with them is made impossible ; 
for we can think that the Parsus ( = Perses) were originally 
Indians (a community of the Yadavas) and migrated to 
Iran from India in later times. As regards Manu’s 1 
derivation of the Parasavas from a fusion of Brahmin males 
with Sudra females, referred to by Zimmer, is it necessary 
to pay any serious attention to the fictions about the 
origins of the mixed (?) castes indulged in by these 
cdturvarnya theorists ? 

When I say that the Persians may have originally 
migrated from India, I do not for a moment want to 
suggest that the whole Aryan population of Iran was 
derived from that source. The Medians may have come 
from the same place from which came the Indo-Aryans 
themselves. There is, so far as I can understand now, no 

word Gandharayah and is the sandhi substitute for the 
Vimrjcmlya ; Parkivah must therefore be the spelling of the 

second name. The passage runs as a STT (Urvasi) ^ 

srwqf -5ISEH 1 *TT I WSTg: 

imra hMN* nmsnj; i 

ll The statement of the 

f 

Baudhayana Srauta Sutra does not make the Parsus Yadavas, if 
we must follow the Puranie genealogies according to which Yadu 
was descended from Ayu, whereas according to Baudhayana 
the Gandharis, the Parsus and the Arattas are descended from 
Amavasu, brother of Ayu. But the testimony of the Purauas is 
by no means unimpeachable. In any case, the B. S. S. does make 
the Parsus (= Persians ?) descended from old Indo- Aryan families. 
'Altindisches Leben, 137. 

Tiwra! I IX, 178. 
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historical 1 difficulty in deriving the Perses alone from India 
and in almost historical times. The Perses are not mentioned 
in Babylonian or Assyrian inscriptions till the 8th century 
B. CV whereas the Medes receive this mention as early as 
the 28th centuary B.CA This may be simply due to 
the Persians and the Medians having entered Iran from 
different places and in different ages. Further discussion of 
the question in the light of ascertained facts will be out of 
place here and I must reserve that for a later treatment. 4 - 
After this long (but necessary) digression, let us see 
what the Parsu lady has got to say about herself in X. 86. 23. 
She says that she has produced twenty children at one birth 
and that though her burden had caused her pain, it is good 
that has come out of it. What can this mean ? Giving birth 
to twenty children all at once is humanly impossible, for two 
is the maximum number a human mother can bring forth at 
one time. We must therefore search for some mystic meaning 
here. This we are fully entitled to do for there is plenty of 
mysticism in the extant Vedie text of this period. I may only 
mention here ft. Y. I. 164. Now, what has gone before has 
made it abundantly clear that the writer of the hymn is a 
champion of the worship of Vrsakapi. She may therefore be 

1 I shall not touch here the linguistic side of the question. 

“See F. Horamel, Geograpliie and Geschichte des alten 
Orients Part 1, p. 197, Hall’s Ancient History of the Near East 
and Ragozin’s Media, p. 274. But there is a difference of opinion 
among scholars as to whether Parsua (near the Zagros) mentioned 
in the annals of Sargon II was inhabited by the Perses ; see 
Eduard Meyer in Encyclopaedia Britannica (11th edition), XXI, 
253. If Meyer is right, the earliest inscriptional mention of the 
Persians would be in the time of Cyrus (6th century B. C.) 

3 E. Forrer, in Z. D. M. G., New Series, Yol. I, p. 247, 
P. Giles has followed him in Cambridge Ancient History, Yol. 
II (p. 15) recently published. 

4 1 may, however, mention here that it is possible that when 
after the demise of Krsna there was a disperson of the surviving 
Yadavas, some of the Yadava tribes migrated outside India. The 
Parsus may have now found their way to ' Iran. Compare Visnu- 
purana Y eh. 38, w. 5-34, particularly vv. 12-28 where it is described 
how Krsna’s seraglio was attacked and carried away by Abhlras in 
the Panjab, ' 
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conceived as occupying the same positition in this worship as 
that of Indram in the case of Indra’s worship : she may 
have looked upon herself as the human spouse of Vrsakapi 
(.the sun). Vrsan often means in the Rgveda, as I have 
pointed out above, ‘potent’ ' saturating ‘ impregnating’ 1 . 
Vrsakapi is formed from this word. Our potent Vrsakapi 
would certainly make his earthly spouse fruitful, so 
much so that 20 children could issue at one birth. We 
can now guess what animal this god has been conceived 
as. It is the sow which can give birth to such a 
large number of children in one conception. If Parsu 
Manavi conceives herself as a sow her Divine Lord would 
be the Boar. This certainly suits our hymn. The dog 
or the hunter that IndranI threatened to let loose at 
Vrsakapi in v. 4 above has been called fnig ‘ hunter 
of the boar therefore its (or his) victim would be a 
boar. A boar can certainly be called a dread (or vora- 
cious) animal (v. 22c). Kapi = ‘ tawny-coloured ’ constitutes 
no difficulty, for a tawny-coloured boar is not an im- 
possibility. 2 Gods have been likened to boars in the 
Rgveda. In IX. 97.7 Soma has been called a Varaha. 
In X. 67.7 “h % fir 

ugr'iff fqfkiwrirawil^ the Maruts have been 
called ‘ strong (or potent) boars.’ The combination of 
with *urf: should be particularly noted. In I. 
114.5 “f^T Wtu&i &c. ”, said about Rudra, 

the character of a varaha and the ruddy colour have 

been combined in one individual. The name «rcr§ has 
been given to the Maruts in I. 88.5 and to Vrtra 

in I. 121.11. It is possible that the sun has been meant 

by in X. 28.4. I can therefore feel little hesita- 

tion in understanding Vrsakapi to be poetically conceived 

* Compare II. 35.13. H jw* e tc. 

2 1 knew of such an animal, possessed by our college 
Mahtar at Rangpur. 
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not as an ape but as a boar. The Vedic sun god Visnu 
has been described in the later Puranas as ha mg taken 
the incarnation of a boar. For the Vedic source of this 
legend, I may simply refer my readers to Maedonell’s 
Vedic Mythology, pp. 41 and 151. 

If the Parsu lady looks upon herself as the spouse 
of the Divine Boar, we have a case of clear erotic 
mysticism, I now draw the attention of my readers to 
two facts that we have discovered (1) the solar character 
of the object of this erotic worship and (2) the Yadava 
nationality of the Parsus (and therefore of our poetess 
who lent herself to this sort of worship). We know 
that Krsna the Yadava hero was in later times identified 
with the old Sun-god Visnu and that an erotic cult 
grew up around his figure. On the former point we 

have sufficient light already and Dr. Hemchandra Boy 
Chaudhuri has brought together in his Early History of 
• the Vaisnava sect (Lecture I) all the available evidence 
on the point But how or whence the erotic mysticism 
came in was as yet obscure. The Vrsakapi hymn as 
we have how understood it, may throw much light on 

the problem. 'We have in this hymn a clear instance 
of the erotic worship of the sun. It is with this sun 

(Visnu) that Krsna was identified and the erotic cult may 
well have come from the same source from which came 
Krsna’s connection with the ‘ cows ’ ‘(go= rays of the sun’ 
or waters ?) and the other solar phenomena of the 
human god. 

Now one may legitimately object that such far- 
reaching conclusions should not be drawn from a single 
passage. But I reply that I have proceeded on parallels 
and I recount them here. As regards the clash between 
two cults or the pleading for a particular god, I may 

refer to R V- I. 165 and IV. 42, two early hymns, 
and I. 170, a hymn of about the same age as 
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X. 86 \ R. Y. IV. 42 describes a contest between 
Varuna and India as to who is superior. The author 
prudently decides in favour of both (vv. 9 and 10) 
but there are sufficient indications of a personal leaning 
towards Indra (cf. v. 8) 1 In. I. 165 we have a 

quarrel between Indra and the Maruts who are his 

allies in the fight with Vrtra. The hymn “ appears to 
be, as Wilson observes, a vindication of the separate, or 
at least preferential worship of Indra, without comprehend- 
ing at the same time, as a matter of course, the adora- 
tion of the Maruts ” 3 Indra and the Maruts have 
contended for the superior position but the latter had 
finally to yield to the former. I. 170 which is ascribed 
to the same Agastya, but is probably by a later hand 
(a descendant of Agastya?) shows Agastya pleading to 
Indra for allowing him to worship (with impunity) 
India’s friendly host, the Maruts. In R. V. X. 124 too 
we have probably a preference shown to Indra over 
Varuna. In the light of these passages we may safely 
read in X. 86 an apology for the preferential worship 

of the Sun-god, but to the exclusion this time of the 

national god Indra. We know that Indra lost his glory 
in later times and his place was occupied by Visnu 
and the other Puranic gods. R. V. X. 86 shows a 
transition to this. Indra is still the national god here 
and that necessitated the diplomatic language of Vrsakapi’s 
apologist. The sun was worshipped by the Aryans in 
various forms even in the earliest times but its pro- 
minence was a late phenomenon. The transition can be 
easily marked but this would not be a proper place for 
such an attempt. We have in X. 86 the sun-worship 

^ee Arnold’s Vedie Metre pp. 273,276 and 287. 

“This would remined us of Bloomfield’s plausible view 
about the position of Varuna in the Kgvedic age. 

3 Griffith, Hymns of the Rgveda, 2nd Edn. I. 228n. 
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not only given a prominence but possessing an exclusive 
character too. Of course the conditions of the time 
required that the new cult should be sanctioned by 
Indra. 

For the erotic mysticism my chief parallel would be 
VIII. 80 (Max Muller’s VIII. 91). As this hymn is 
very important from my point of view, I shall quote it 
in full and then discuss the pertinent portions. The 
hymn runs as 

\ aufaiadi suwtfir i 

ms ?5jt rpbut ^in * u 

a t 

5n%u fa-4 arafasa i, * H 

w aa fat fafafsridislvf =a« far i ' 
srrafaa *raift^fa?q> <msra u ^ n 
^fas^sg%q*ff|fWr a*asrcfi?3; 
sgfafafafaaf affifHrur n « u 

fnrfa al% fas j ami?? ra^fea f 
fo^aafalattnifa?? h aafa* u * n 
-qut =a at a aaofaar a?a % uu i 
sraf aa*a afe§*: $a? ar ttm rr n S. u 

# ?*Ka #sasr: rt au*a srraat^T i 

- S3 

fa«qaa#arb gafaag il ® II 

The following legend has been told by Sayana in 
connection of this hymn: — grt fa® srfagaT mmi a^raifasft 
Safata&riaN fa*qia§sT adt *ra qa fwtfo aa? ^sitet fag*i«tf 
faarfaqftfRTa aasd$ I HT q^lfalf am: 

arafir ag f?j?ra qianffifa fi<n srcamaq i srr asr 

wear qrf^r Hram^aa aatqra gf srarm’spaft arfr qa a* aanq i 
asaarqa^ qfaaaaraia srsq sri^arf amiftraasafaforfa star ainft- 
^*p ammwq i arrow argara fama araiaftsf^a?cfifa i m 
aa^l wrfiraB*srt arrat&rmw ara Eft a aaafa aurora) ®tfa?a 

a g Jtfsasi Hratfataa«tfaftfa f am afga; ???: <maaa#a i 

a^aftr??* m gamdta. I fam^ faada fa 5 amamra *j* gg afa 
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uffonforarfa jttt fa vrrerfisi i 

#^P3ffRi^wi<ffT g«r*wrrc «srarnra Rnrftfg-fofo *r srrorftr acfo 

^fWR# STf?im m HRHRT %*% J^lT 

fafesi fafcd HTWTt? t HW cWStmm^m 'il sj#: ?ra: qjW& 
f%a qffcn$ft i set fsifwr q>raftsrr wrei <?q n&rf^f Srcwqtg; 
uu ?ffnr <ft# ht% *?w? qferasr srdf ^rffrftr?^ $u?rr 

s[f% «nr®Tqi3rBiqT^^-«f squatw i a<?f q^antffcgsR «r 

ar?«#ww j w %: &rff tfsrafsrci st^rn q^i%ft?r wnr presrra- 
jpaidflSEnj. <cmft nfeq^sf&raf wfor- 

qfta qNr w tot%te q;a^mcw^m^fma ^rafrwwftsif sor^r 
gu«r ’sr %t *?at firm* i g*n: ’sa? fa awr; era qraa^r %fon 
*iter <jdbir i aa ^aHe?r?aa«^%4- 

s«ri u 

Bayaim says that his authority is the Satyayana 
Brahmana which he has quoted from in the course of 
his comments on the different verses. It seems that 
Sayana has freely drawn on his imagination in supple- 
menting the statements in that Brahmana. The Brahmana 
story is somewhat shorter*. Saunaka in his Brliaddevta 
(VI. 99-107 Maedonell’s Edition) gives a similar story. 

[ do not give any translation of the hymn as 
none is needed. Besides, Sayana’s full note will be 
found sufficient to remove all difficulties. But his absurdities 
will require to be pointed out and discussed. Sayana 
makes her a married woman but neither the Satyayana 
Brahmana nor the Brhaddevata suggests any such thing. 
We have in the hymn itself explicit statement (in v. 1) 
that Apala was a quvr — a virgin. Sayana’s supposition, 
as Oldenberg rightly points out 1 , is due to his mis- 
understanding of the word q%%«r: in v. 4. Sayana 
renders it by qsrr fax :, but the accent is that of a Tat- 
purusa compound and not of ' a Bahuvrihi. Therefore 
‘ haters of husbands ’ should be its real meaning. Apiila 

Vg ‘Egveda, textkritische uud exegetisclie Noten II, 142. 
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is a virgin and lives in her father’s house, because 
where else would a maid live ? Hence her solicitations 
for hair on her dear father’s head and for crops in his 
field (vv. 5 and 6) and for the general prosperity of 
the family (v. 4 a and b). One thing stands out 

quite clear in the hymn and in its different interpretations, 

viz., the erotic relation between Apala and Indra. 
Apala’s love relations with Indra are manifest from 4 d 
( ) 5 d and 6 b and have been fully 

brought out by Sayaria, Saunaka, the author of the 

Satyayana Brahmana, Oidenberg and Geldner. The 
desire expressed in 5 d and b for “crops of hair below 
my waist”, can only mean the attainment of sexual 
powers and this can have, in the present context, 
significance only in an erotic 1 * relation with Indra ; for 
otherwise 4 d becomes meaningless. There is no reference 
in the text to any skin disease which Saunaka and 

Sayana 1 have unnecessarily 3 dragged in. 

One important point that deserves notice here is 

the plural in *T:, whth:, ffeflp?:, qdh and in v. 4. 

Sayana’s 'jam vfvnwH’’ is to be set aside without 

any hesitation. The plural suggests that Apala does not 

stand alone in her love relations with Indra but belongs 
to a class of women who hating the taking of husbands 
remain virgins and worship Indra as their lover in- 
stead. That the love relation with Indra is not earthly 
but is mystic is made probable by 2 b and 3. Apala 
wants the Soma she is pressing with her teeth to flow 
slowly, very slowly, that she may get ample time to 

1 Or more correctly ‘ erotic-mystic ’ ; see below. 

3 The last two sentences in Sayana’s comments on v. 7 
probably come from Sayana and not from the Satyayana 
Brahmana. 

3 Probably in v. 7 suggested to them that Apala 

had skin disease before. 

20 
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know her lord fully. It is then during the pressing and 
flowing of the Soma in her mouth that she has communion 
with her divine lover. Something like spiritual ecstasy 

must be meant by this communion. Persons acquainted 
with the later 1 2 mystic literature of India will fully 
realise the force of my remarks. I may here incidentally 
draw the attention of my readers to a new German 

publication “ Pie Anfange der Yogaproxis (eine Untersuchung 
iiber die Wurzeln der indischen Mystik nach Rgveda 

and Atharvaveda) ” by Dr. J. W. Hauer, Privatdozent 
at Tubingen, who had come out to India to study 

yogic practices. Dr. Hauer 1 has read in this passage 

an ecstatic relation between Apala and Indra through 
the medium of Soma. My difference with him lies only 
in my emphasising the erotic character of this mysticism. 

Saunaka (Brhaddevata VI. 107) considers R. V. 
VIII. 80 to be an Aindra hymn and not an Itiliasa 

hymn as Yaska and Bhagiui hold. It does not contain 

a mere tale about Indra and his human love, but has 
Indra for its “deity”. We may very reasonably infer 

from this hymn that Indra was worshipped by some 
females (who remained unwedded) as their divine lover 
or husband. It is probably thus that the erotic verse 
(34) at the end of VIII. 1 is to be explained. Indra 
has been behymned in vv. 1-29 and the war in v. 34 a 
may refer to him. That is not a proper name but 
means ‘every’ is certain 3 . May the two verses at the 
end of I. 126 be similarly interpreted? One would be 
naturally reminded of the Puranie story of Indra’s amour 
with Ahalya. 4 

1 This hymn too is a very late one. See Arnold, Vedic 
Metre, p. 283. 

2 Pp. 137, 138 of his book. 

3 See Macdonell and Keith, Vedie Index I, 70. 

4 Is she the same as our Apala ? The story of Kubja 
(Visnupuriana V ch. 20 vv. I — 12 and else where) was certainly 
suggested by that of Apala. 
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I may now return to the Vrsakapi hymn. The 
hymn shows as I have indicated above that Sun-worship 
was supplanting the worship of the old national deity 
Indra, at least in the Parsu=Yadava community. Along 
with the chief character the other attributes of Indra 
also may have been usurped by this god and the Yadava 
ladies may have taken to the worship of the Bun-god as 
their divine lover. Now, later Vaisnavism (the Vasudeva 
cult) rose in this very community. The national hero of 
the Yadavas, Vasudeva Krsna Devaklputra, came to be 
identified with the old Vedic Sun-god Visnu and worshipped 
as the Supreme Being. Readers of the Puranas will 
remember that the boy Krsna stopped the worship of 
iaakra (Indra) among the cowherds in whose community 

he grew up 1 . This may be due to a reminiscence of the 

Sun-worship (later substituted by the worship of Krsna 
identified with the Sun) ousting the old Vedic Indra-cult 
in the community of the Yadavas. It appears from the 
words of Megasthenes that there was some contrast 
between the worshippers of Herakles and the worshippers 
of Dionysus in India. I have recently 2 shown that by 
the cult of Dionysus we are to understand the general 
Vedic sacrificial cult. As Krsna (identified with Visnu) 
was later installed in the place of Indra, the erotic worship 
associated with that god may well have come over to him. 

It is probably thus that we read in some of the Puranas 

stories of Krsna’s amorous sports with the cowherd girls. 
This may not be the creation of pure fancy but may be 
a half-true account of what was perhaps actually in vogue 

*1 am indebted to my friend Professor Gour Govinda 
Gupta, M.A. of the Rangpur College for drawing my attention 
to this point. See Visnupurana (V. ch. 10). Compare also the 
story of Krsna’s snatching away of the Parijata and the 
consequent fight with Indra (Visnupurana V. ch. 30 and elsewhere). 

2 In a paper on “ .Dionysus in Megasthenes; who was 
he ? ” written for the Madras Oriental Conference, 
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in Krsna’s community — prior to his birth and subsequent 
to it Space forbids my dilating further on the point and 
I must reserve a detailed history of how the Radha- 
Krsna cult grew up for a future treatment. 

The Vrsakapi hymn, when studied with some other 
hymns of the Rgveda thus lights up many obscure points 
in the history of Indian religious ideas and practices. We 
have also incidentally learnt that the Persians of Iran 
may have come from the Yadava community of India. 
The Yadavas, as I have tried to indicate, were probably 
exclusive worshippers of the Sun. Mithralsm that very 
much spread in Iran in historical times may possibly be 
due to the Parsu « Yadava element in the Iranian popu- 
lation. Whether the erotic mysticism of the later Persian 
Sufis is due to that original Yadava element or to recent 
borrowings from western India or to independent development 
I must leave undetermined for the present, 

P. &\—A friend of mine in Benares (Pandit Narayana ^astrj 
Khiste Sahityaearya of the Government Sanskrit College Library) 
objects that the erotic mysticism brought out above belongs 
really to Agamic (Tantrie) culture and is not Nigamic (Vedic) in 
character. I do not want to make any pronouncement on the 
point, this way or that way, now . . Probably what I have 
said above leaves the question undetermined. I have only said 
that the cult of Vrsakapi as such has no necessary (or even 
likely) Dravidian origin : We have erotic mysticism associated 
with the Aryan national god Indra too (and its development 
can probably be traced from very early times)* At any rate, 
what I have sought to establish is not exactly Vedic 
character of erotic mysticism but its existence in late Rgvedic 
times. Though the hymns discussed above are some of the 
latest in the Rgveda, some of their verses (and therefore the 
hymns themselves ?) are early enough to find place in the 
Taittiriya collections and all these hymns have been analysed 
by Sakalya. The above discoveries raise important issues about 
the relation between Vedic and Tantrie (or PaEcaratric) cultures 
which I intend to pursue now. But I must be assured by 
scholars first that I have set out on a right track, mm% 


APABHRAMS'A LITERATURE 

HIRA LAL JAIN, M.A., LL.B. 

Research scholar. 

§1. A systematic study of the classical languages 
of India as a branch of oriental learning commenced only 
a little over a century and a quarter ago, after the epoch- 
making announcement of Sir William Jones in 1783 
regarding the importance of Sanskrit literature. What 
attracted the notice of scholar’s then was classical Sanskrit, 
chiefly the hdvya literature. 

Yedic literature was the next to arouse their interest, 
and it was not till within the last fifty years that Prakrit 
literature came to be recognized as an equally important 
branch of these studies. The late appearance of Prakrit 
literature in the field was mainly due to the fact that 
the chief custodians of this literature — the Jainas— until 
very recently, did not care to publish it. It has, of old, 
been almost a monopoly of the Jainas to write in Prakrit 
just as it was, to a certain extent, a monopoly of the 
Brahmanas to write in Sanskrit, and of the Bauddhas to 
write in Pali. Prakrit writings of the Brahmanas, rare and 
fragmentary, are to be found mostly in the Sanskrit dramas, but 
these do not truthfully represent the Prakrit language prevail- 
ing at any particular period. These writers were well- versed 
in Sanskrit only and Pt. Chandra Dhara Sarma Guleri 
is right in saying that their Prakrit is mostly imitation 
reproduced from Sanskrit models in conformity with the 
rules of Prakrit grammar, substituting ‘ga’ for 1 ta' and 
‘ Jcha ’ for ‘ ksha \ 1 The Jainas, on the other hand, culti- 
vated the Prakrit languages as their media of instruction 

1 NUgari PracJiariV’i Patrika Vol. I, p. 8. 



158 ALLAHABAD UNIVERSITY JOURNAL 

and composition. Hence the various Prakrits, mentioned 
and defined in works on dramaturgy, rhetorics and grammar, 
are profusely and faithfully illustrated in the writings 
of the Jainas. The only surviving specimens of Magadhi 
and Ardha Magadhi Prakrits are the canonical Sutras of 
the Svetambara Jainas. Maharashtri Prakrit, which came 
to command a good literature even in the early centuries 
of the Christian era, as is evident from Hala’s anthology 
and the Setubandha of Pravarasen, has been utilised 
by the Jainas in the composition of commentaries on the 
canonical works as well as in other sacred and narrative 
writings. Sauraseni Prakrit is best represented by the 
Digambara Jaina works such as those of Kundakundacharya, 
Swami Karttikeya, Vattakera, Nemichandra Siddhanta 
Chakravarttin and others. Paisachi has indeed not found any 
favour with the Jainas, and it unfortunately has no literature 
existing. The only work in the language, Gunadhya’s Brihat 
hatha , has long disappeared. What little we can know of it 
to-day is from works on poetics and grammar. Of the 
Apabhramsa Prakrit, however, which is closely akin to the 
Paisachi, a good deal of literature has come down to us, chiefly, 
through the Digambara Jainas. The object of this article is 
to show how much literature of this language has so far come 
to light. 

§2. Deferences to Apabhramsa language are to be 
found in the works of rhetoricians and grammarians ranging 
from Patafijali (2nd cent. B.C.) to Markandeya (17th 
cent A.D.) 1 . These references prove that Apabhramsa exist- 
ed, as a dialect chiefly of one Abhira people, about the 
beginning of the Christian era, that by the 6th century A.D., 
it had developed a literature of its own, winch had to be 
recognised by rhetoricians like Bhamaha and Dandin, and that 
by the 11th century it came to command a rich and varied 
literature and writers on rhetorics and grammar also began to 

1 Introduction to Bhavisayattakatt Gt. 0. S. XX. 
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distinguish varieties in the language. Of the grammarians 
Hemachandra, who lived in the 12th cent. A.D., is tlie 
most important in this matter. He is the first to’ treat of 
the language with some thoroughness giving copious 
illustrations from works to which we have now no access. 
Later grammarians, such as Trivikrama, Lakhshmldhara 
and bimharaja, have only copied Hemachandra even in 
the matter of giving illustrations. It is only Markandeya, 
who, in his Prakrit Sarvasva, has shown some independence 
in this respect. 

§3. The chief characteristics of the Apabhramsa lan- 
guage, as understood from the works that will presently 
be noticed, are the following: — 

1. Morphology has changed to a great extent. Many 
of the case and eonjugational ;signs have disappeared, 
and the remaining ones are irregularly used. The language' 
shows a clear tendency to become non-inflexional. 

2. Vocabulary has become enriehed with the im- 
portation of many rare, colloquial and provincial words, for 
which, strictly speaking, no Sanskrit equivalents can be found. 

3. Many new poetic measures- appear. In other 
Prakrits we do not usually meet with verses composed 
in metres other than the Arya or the classical Sanskrit 
metres. But in Apabhramsa, numerous new metres came to 
be used, based, not upon the number of syllables in each 
foot as in classical Sanskrit, but upon the quantity of 
accent or rndtrds as in the Vedic poetry. Definitions 
and illustrations of these numerous new measures are 
to be found in £ Prakrit Pin gala! 

4. Verses are characterised by rhyme which appears 
here in Indian poelry for the first time 1 . 

'The only kind of versification, resembling rhyme and 
found in classical Sanskrit, is furnished by the figure of speech 
called Fadanta yamalca ( Of 1 Danqlin’s Kavyadars'a, chapter III, 
paragraphs 41— 44). It is very likely that rhyme grew out of this 
figure of speech. 
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These four tendencies we find fully manifested in 
the modern vernaculars of India such as Hindi, Gujratl, 
and Marwarl. Apabhramsa language thus forms a connecting 
link between the older Prakrits and the modem verna- 
culars. Hence the literature is of very great impor- 
tance for the philology of these vernaculars. 

§4. Just a decade ago it was hardly known that 
there was much literature existing on the Apabhramsa 
language. What was then known of this literature 

to scholars was found in the Fourth Act of 
Kalidasa’s Vikramorvasi, in the Prakrit Pin gala, in 

Hemachandra’s Grammar and his Kumdrapala charita, 
in Sanskrit works on poetics such as Sarasvati kanthd- 
Iharana and the commentaries to Dasarupa and 
Dhvanyaloka, and lastly in the, Jaina legends like the 
Kalakdchdrya Kathd, Prabandha Chintamani, Vetala 
paftchavimsatika and Simhdscmadvdtrimnkd. Some of 
these works have been utilised by Pischel in his Prakrit 
grammar. 

The first complete work of Apabhramsa, brought 

to light and ushered into modern studies, is the 

Bhavisayattakaha of Dhanapala published by Dr. Jacobi 
in 1918, with text in Roman characters and an intro- 
duction in German, and again in the Gaekwada Oriental 
Series No. XX. In the introduction of this latter edition, 
we find notice of fourteen entire works of Apabhramsa, 
almost all of which are awaiting publication 1 . 

§5. Among the works noticed in the introduction 
to Bhavisayatta kaha, what seems to me to be of the 
greatest importance both on account of its age as well 
as extent is the Tisatthimakapurisagundlankara of 
Pupphadanta. Dr. P. D. Gune, the writer of the 
introduction, saw only an incomplete manuscript of the 

J Of these the only work that I know to have been 
published is the Paramatma Praka^a of Yoglndra Deva. 
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work, containing only twenty-seven sandhis (chapters). 
The work, however, is completed in 102 sandhis equal 
to about 13000 slokas 1 in extent and is divided into two 
parts called the Adipurdna and the Uttar apur dnci. 
Its subject-matter is the same as that of Jainasena’s and 
Gunabhadra’s Sanskrit works of the same names. Even 
a cursory examination of the work 4 has revealed 
much information about the author and his date. The 
poet prefaces his work with narrating to us the circum- 
stances that brought about its composition. We find the 
poet resting in a garden of Mewadi (. Melapati or 
mdnyakheta), fatigued with a long journey and injured 

at heart with insult of some kind meted out to him 

we know not where. Two persons, residents of the city, 

approach him, and they introduce him to Bharata the 
minister of king Subliatungadeva (Vallabharaya). Bharata 
keeps him in his own mansions and, recognising his 
poetic talents, induces him. to write the * Mahdpurana ,z . 

thirty-two syllables are counted to make one s'loka 
which is the usual measure to calculate the extent of a 
work. 

2 1 saw a complete MS. of this work as also of the 

other works of Pnshpadanta to be noticed presently, in the 
Bcilatlcaragana Jain Bhandar of Karan ja (Akola district, Berar). 
For other MSS. of the work and a detailed information about 
the author cf. Pt. NSthft Ram Premi’s article in Jaina Sahitya 
Samtodhalm Vol. II. No. I, p. 57. 

*?i 'rising, i 

ssrcraplg sr&fam tmi 

ffag frsrgwrs i 

srsrtfct to** i 

^ ttw II Ml 

qfeqreift foe sftaw? sit w, ||«|| 
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The poet shows his gratitude to his patron by mention- 
ing him in the colophon of each sandhi of his epic and 
praising him at many places. Pushpadanta was a 

dfif qf^at scsr s sft qm^er i 

ftp*4|<nrer 

m %a*§qul, *sr%' gt«r* i 
5T Wff SrflffNpN, 5355fJ n$n 

isjug i 

+ ■+'.+ + + 

«rwr?q t%* 5 wtqffogq d q§T%q gt%’ i 

g^jRqqpT qqjfqq qfeaws w? »i£ft‘ it s u 


sr^f I 

i, farq§o* sprar f^arw i 

3i itreaw, 3ir^?wsf, ihii 

«wg*feerr^?fef%, ^qmfqfaqptrTfsrfa i 

iimi 

qw«w**sq raraii?, #f(q H?rarff ?%f f f i 
qsH^Ef sppss #f iisii 

srfo®ref%;srilifci{|q*$§, §q%^i??T^«rq^! 1 
«pfNr#fqft#qt§, 3mH?qsnftq?H%ng turn 
q««fcm?gs gssftl, Q*rmm **ftf i 

spq^qqqqrftq^rwjjj, srsusgsspig it^ii 

wnssprerapj ?f m-^, sffciw gujff%q^fsff i 
wsfl^a^raf if$ 3 , ¥f®5ii^q%^q nmfm n®n 
|«rewr , qrf% *?rajf| f® sopfor *r*g i 


sns sngsr t? nf^s, qppiwf%^, & 6 % «&^g smut 1 
Sr g<!nTOjgf%^, ftgsrftiw^, ftp®* q{ s*mit iren 
^r frftqjr ftrfM «sm % , i ftrg^fir «r *m%3 % i 
qrt% wrt*a &r, em ns it 

5^ai§ disr q?!^, sj? srratr m«rrpr firirg; i 
^wthss fawiRfft* q*g, fcpg®¥gqr qwf «*3 tiroti 
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Brahmana of Kasyapa gotra. His I father’s name was 
Kesava and mother’s Mughadevi. He was of a tender 
and ugly constitution 1 . 

Two other works ot' Pushpadanta that have come 
to light are Ymodhara charita and Nagalcumara 
charita. These are much shorter works than the one 
mentioned above, containing four and nine sandhis 
respectively. The subject-matter of the former is the 
same as that of the “ Yamstilaka Ohampu of Soma- 
deva and of the latter the life of a similar other Jaina 
hero. These two works the author composed at the 
request of Nanna, the son and successor in office of 

If srroa aar gumftr fttsrs. # q®*? tr *ni i 

’forarnt srm imit 

wop erra, srr t 

fhfNte ut^ti 

q? srfaap qfatjsi awrors *ni i 

qteg'g arf sr®r, ttwrsf fsg q*<?ftq fpsg innit 
gf $3 ^Tfir wg, jpcref %s i 

trr, osg ftrssr?? unit 

+ + + + 

*rg fing tif *ff |«<5f I 

ww§?g?qw*pJii$%*. ?!R ti ? it 

afk fir fiwiNf wftrsr? srg ?rt^r t 

yg qqjrirs ssripf, gt wfe ** gsrarw II* «' 

I *m wti- « 

mamln gi, i 

span sri fepojqq *ra , apspanr... 

[ srtnrgyrar, ? ] 



164 ALLAHABAD UNIVERSITY JOURNAL 

Bharata. 1 . In the colophons of Yasodharacharita the work 
has been called ‘ an ornament to the ears of Nanna’*. In 
each of these works the author repeats his parentage. In 
Nagahumara charita, however, we find some more informa- 
tion about the author. At more than one place in this 
work he uses his family designation of ‘Bhatta’ 3 with 
his father’s name, and seems to declare that he first 
belonged to the Saiva faith, but became converted to 
Jainism by the preaching of a Jaina ‘guru’ 4 . 

Pushpadanta was very proud of himself and this 
is evident even from the epithet Abhimandmeru that he 
so frequently uses for himself. The Tisatthi saldkdpurisa 
charita was completed on the 10th of the bright fortnight 
of Asha] ha in Krodhana Samvatsara 887, Saka era, 

sraTOtwftqgwqtSH, it 

it 

qf feq t 

qjtq f mt -qfH it 

[end of umfuitgftcf ] 

stfWf m&ft qfcsi|srt SRfsssrt « 

3 *prq€r %?j«r *?£ s=u i fenrafira i 

+ + + + 

4 fof*rarffo foflrewi i tfotreif §$qf%«5rtS 

SF§rr«^ JJtTttt • fowt fig If wi«f t 

+ + -f + 
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equivalent to Sunday, the 11th June, 965 AD. 1 Nagakumara 
charita and Yasodhara charita have been composed 
some time after this date. 

In his Mahapurana, Pushpadanta makes mention of 
Akalanrca, Kapila, Kanachara (kanada), Purandara, 
Dantila, Visdkha, Luddhachdrya Bharata, Pdtafojali , 
Bharavi , Bhdsa, Vyasa, Kohala, Kalidasa, ChaumvJia , 
Svayambhu, Sri Harsha. Drona. Kavi Isana , Bana, 
Dhcivala and Jayadhavala Siddhdnta, Rudrata Nyci- 
sakara, Pihgala, Jasa-indhu SdUvdkana, Setubandha 
Icctvya (of Pravarasena) Jinctsena and Vlrasenad 

lr fhe date of the author has been, fully discussed by the 
writer in a Hindi article shortly to appear in the pages of * Jain 
Sahitya Samsodhaka, and in the introduction to the ‘ Catalogue 
of Sanskrit and PrSkrit MSS. in the Central Provinces and Berar ’ 
prepared by Rai Bahadur Hira Lai, B. A., M. R. A. S. (Retd, deputy 
commissioner). The latter work is in the Govt. Press, Nagpur, for 
publication. The passage chiefly bearing on the date is to be 
found at the end of ‘ Uttar apur ana. It reads thus 

srftsrmr dwni 

«fvrq; 

nr srrsrreq, t 

In the Karanja MS. of the work, however, the second foot of 
the second line reads : — 



Itr3 H 

qpr qprsr%-siijTt, i 

¥TTtf% TO TO? II 

TOIf ^2 flrft iris m t^rr^r to I 

«JT3 wrasr «^rrg TO I 

totto qrrefeH it 

<rcmwg| qfes, jjt i 

srcnpg x%\, qr u 

fi? fa fa^fasr, qf* faprsig trm&re « 

si! gwrt fafa* mg fa jpsr& fa' n 

sfas qfa i 
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§6. ‘ Harivamsapurana ’ of ‘JDhavala’ is another large 
work in Apabhramsa. It is completed in 122 sandhis 
equalling 18000 slokas 1 . The. poet was the pupil of Amba- 
sena Rishi, and the son of a Brahmana by name 
‘Bara’ 2 . The author’s name appears in the last verse 
of each sandhi as well as in the preface to the work, 
where we also find mention of the following authors 
and their works 3 : — 

Dhlrasena. 

Samattajutta (author of a work on Pramana.) 


'The work begins thus : — 

3if*rr i 

a? ojfaftwr, ^aj qr <m ii =* ii 


i 

si? Bwji*iNr u? nan 

*» «;? 

visreTO m srams ii c si 


I 31 ^3 <T*?f¥3 ii i 

2 «ftr fiNfJ i 

%iprcsi wn ftfsTO? i 

fw«i «pg^j =ra§ gf^qijr i 

w*W gapgr Rq% 

retft 5R#sr sfar, gws?if%f%w <for 

3 ir &KK;, soft* i 

i*rar $*mi3, ms *ramf ss 3ss=ra3 n * n 

S'? ?TO sen? i f ras §<Ti%53 i 

3m *Wxi^ «# i WTO *t«l in? ii i n 
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Devanandi (author of Jainendra Vyakarana.) 
Bajrasuri (author of a work on Naya.) 
Mahdsena (author of Suloehana Charita.) 
Ravishena (author of Padma Charita.) 

Jinasena (author of Harivamsa Purina.) 
Jadilamuni (author of Varanga Charita.) 
Diuakarasena (author of Ananga Charita.) 
Padmasena. 

Andhasena (author of Amiyarahana.) 
Dhanadatta (author of Ckandraprabha Charita.) 
Vindhyasena (author of many Charitas.) 
Simhanandi (author of Anupreksha ’.) 


gifts i 3 ft% qqjfts i 
gqft^s gftrws i £ «pr % ft* gq* it * a 

sNn wsr ii * a 

i srflr*? sorter wr qftw i 

^PJjMfr ! qs irete f qrrtitr | * n 

irzwg $ wPFtroii i ftt?q trer ftqftq i 

i qm ?ftsr ti * u 

wnjrftr ftq tot? q§wf i qfter? i 

g<3 mwiwt » w^w %t « * n 
3 wmar i *rft«r ft%q qqrfts gust i 
£ ftft?q?Tfr i ftwsraftr «$ *?q ^trerr it ® u 
Sirgqj HfRB? % info* I fts ^ I 

$foq «?ft gw? gw wm i *fo ws=r ft*?q i 
■srarfwre $ ftw i wq ritftfi? id m it * a 
a? m «? j^Rpdww srrqs i ^ srepsrwjij gqftr ftrorreq i 
wq ifter i <srft srwgf after qftste i 
«$sft f^wttra^ ssjftqs i %; jt?tw? sg ftr«rftrqq i 
wrwfcar ft‘ gqftr qqrftq i q?% qfcfts i 

f3 af ftftr ft* ft iswreft i uftqift fwqgft qqrafrr i 

qqi 

wiwftn ?? tft, nqftr ■gift, ftfite sftg qwmfif i 
ftq *rft tftes, si? ftgftarsr, ^ fta ftft qqreft it 
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Siddhasena (sang the Agama and manifested 
‘Bhaviya Vinoda’.) 

Ramanandi (author of many stories.) 

Asaga (author of Vira Charita.) 

Govinda (author of ‘ Sanatkumara Charita’.) 

Jinarahhita (author of ‘Jayadhavala’.) 

SaWbhadra (author of ‘Jiva TJdyota’.) 

Chcmmuha (author of Paamaeharia.) 

Drona. 

Nothing is so far known about many of the authors 
and their works referred to here. All those, whose works 
have come to light, are known to have lived in or prior 
to the 10th century A.D. Among these the latest in date 
is Asaga, the author of Vira Charita (Varddhamana 
Kavya), from some MSS. of which, Asaga is known to 
have been writing in the year 910 1 . If we refer this 
date to the Vikrama era we get the year 853 A.D. 
or if to the Saka era, the year 988 A.D. for Asaga. 
Dhavala must have been writing shortly after one of 
these dates. But in that case it is strange that Dhavala 
omitted to mention Jinasena, the famous author of 
Adipurana, whom Pushpadanta refers to. Dhavala does not 
mention Pushpadanta nor the latter the former, though 

'The prasasti appended to some MSS. of Varddhamana 
Kavya and furnishing the above date for Asaga , is the 
following : — 

srsfifom sraftt *rr jtosI mil 
srt*rrairsq?i%^ 

srrl ^ 

inn 
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both were poets of no small magnitude. It is likely, 
therefore, that they were near contemporaries. 

§7. Two large works of Apabhramsa have recently 
been discovered. They are Harivamsapurana and 
Paumacharia. 1 They are roughly equivalent to 18,000 
and 12,000 slokas respectively. 2 The author of both 
these works is Svayambhudeva. He, however, left both 
the works incomplete, and they were finished by his son 
Tribhuvana Svayambhu. In ITarivamsapurana, Svayambhu- 
deva calls himself a protege of one ‘Dhavalaiya*, 
while in ‘Paumacharia,’ he calls himself a protege of 
‘ Dhanafbjaya,.’ Probably these two names refer to one 
and the same person. 3 Tribhuvana Svayambhu calls himself 
the protege of ‘Bandaiya’ who may have been the son of 
‘Dhavalaiya.’ From the sandhis towards the end of Hari- 
vamsapurana, we learn that a portion of the work written by 
Tribhuvana Svayambhu was lost and that it was subsequently 
restored by Jasakitti (Yasah kirtti) Bhattaraka of Gwalior. 

bandit Nathuram Premi is the first to announce their 
discovery. To him I am indebted for all my information about 
the works and their author. 

s The Mafigalacharana of Harivamsa Parana is: — 

arm f it in 
»nprrftr i i 

The Mahgaia charas a of Paumacharia is : — 

SHfWTW SEJlQ? ^R?TT II 1 II 

3 fer?rwf wms, i £ aifor i 

1 fNrsrtfs #if% «*>{% n 

Each Sandhi of Hari vam sapura na up to the 98th sandhi 
ends, mutatis mutandis , with the following verse : — 
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In the Harivamsapurana, we find mention of 
Bhdmaha, Dandin, Banco, Harishaia and Ghaumuha ; and 
in the Paumacharia, that of liavishena, Bhamaha and 
Dandin. None of these are known to have lived after 
the 7th century A.D. Of Svambhudeva himself, mention 
is found in the epic of Pushpadanta. From these facts it 
may be concluded that Svayambhudeva wrote some time 
between the 7th and the 10th century AD. 

§8. ‘Kathci kosha’ of Srichandra-muni is another 
work now brought to notice for the first time. The 
work is completed in fifty-three sandhis and contains 
about an equal number of stories meant for moral and 
religious instruction. 1 


In Sandhis after the 98th we have 

■sift*? qsrsfsn ra*r sraft£ i 

ftrgw w?? n to® ii 

Similarly, in Paumacharia, first sarga , we have 


f*? «??«r qs^ft*? qu? i 

qsq ii 5 ti 

In the rest of the sargas we have : — 

^ waftwH, qsaftq i 

That Tribhnvana Svayambhu was the son of Svayambhu 
ueva, is proved by the following verse of Harivamsapurana : — 

*?^T rtflgrfl qqr I 

3>r iRRTsfi I! 

lr riie work opens thus: — 

*«? twr^ftr, i 

t? ftr%, *srafir « 

qq$ftqi i ftraf gftr q;f i 

Sots srare ^ s fqrq-s^-ftrTi just ftrftrc II 

3^ $qf i *?rftr ! .' ; A . 

sfN* sgfog i %f% 3*5 gw fiwft 11 

fitft Wt!%ftr ha I ¥3%5J I 

sftftra s v ft 5U1 q?s§ fttf 11 
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Verses, in metres different from the prevailing one, 
occur in the body of the work. 1 The name of the 
author occurs in the last verse of each sandhi.' 1 A prakasti 
in Sanskrit is appended to the work by which we learn 
that the author was the disciple of Vira Chandra, the 
disciple of GunakaraMrtti, the disciple of Srutakirtti, 
the disciple of Siikirtti of the Kundakunda . line of 

Acharyas, and that he composed the work for the family of 
Krishna, the son of Sajjana of Pragvata family and a resident 
of A nhiEapura, and the councillor ( Goshtiha ) of king 
Mularaja. History tells us 'that there have been two 

kings of this name in the Chalukya line of AnhiEvad. 
The first was the founder of the dynasty and reigned 
from A.D. 941 to 996, and the second, who was the 

tenth in the line, sat on the throne in 1176 A.D. and 

OTRsr&m f ft? sm# l 
if 5r<? 3T li 

[ % 3 

+ + + 

#qrrs nu i qwnsr i 

Jirrar i m m«ir ts 
%rf i ftr^r i 

i vfors II 
ssr srrf i srnf i 

vrtfo i rail 'ifv n 

[ 3 vuff ] 

+ + + 

2 The following verse is repeated with slight variations 
at the end of each Sandhi. 

gffj ftnc *£% <13% qw srarnwrot i 
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ruled only for two years. 1 Our author flourished about 
the tame of one of these kings, probably of the first. 

§9. Pdrsvapurdna of Padmakirtti consists of 
eighteen sandhis , and is equal to 3,323 slokas. It nar- 
rates the life of Parsva-natha the twenty-third Tirtham- 
kara of the Jainas. From the Prasasti appended to the 
work, it is known that the author was the pupil of 
Jinasena, the pupil of Madhavasena, the pupil of C han dra 
sena 2 . Nothing can be said about the date of the author. 
But, the MS. of the work that I saw in Karanja Bhandar 
is dated in Samvat 1473, Phalguna Vadi 9, Wednesday 
when Virabhanadeva was ruling. 

§10. Sudarsana Charita of Nayanandi is a work 
in twelve sandhis. It narrates the life of a religious hero, 
Sudarsana. 3 From the Prasasti appended to the work 

The foregoing verse is always preceded by the one following 

#r sffgj i 

S? m ii 

find. Ant., Vol, VI. p. 213. 

2 §q^ ^ I rn I 

af sfig m me fow | i 

ufns to i m m ti 

Ufl U'ft V-SOT i sung f%f% j 

afSraw « i ^ r£rcf?r II 

1 we? i 

fa rogftc i gsrarf ^ ti 

i gsr«j% gf %3v? I 

frsfa 3P ¥ <TOI«1 1 *#4 % <?% utf I 

. . ’3ROT f%t% §f% i ^ | 

3 The work begins thus : — 

toots i w?S«rai i *ndr ?u^t p; 
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we learn that the author was the pupil of Mdnilcya- 
nandi, pupil of Ramanandi, pupil of Visakhanandi, 
pupil of Padmanandi of the Kundakunda line of 
Acharyas, and that he wrote his work in Vikrama 
Samvat 1100, when king Bhojadeva was reigning at 
Dhara in Avantidesa. 1 This same Nayanandi may be 
the author of ‘ Aradhana ’ mentioned in the introduction to 
Bhavisayattakaha (G. O. S.) on p. 42. 

§11. Karakandu Charita of Kanakamara is in ten 
chapters, here called parichchhedas .' 1 It narrates the life 
of a ldng and sage Karakandu. The author makes mention 

"Brciw w# i i 

§qrm%cfqrl <rsr i mim* fosas ii 

firrqfommsTfpqt qqfW i <umqrsft<? i 

qr%mft't%* £iqfeq?ft i P nqft rrtrsf^ » 

qsn sftg atr am, srnfltqotqq, gfqj srfoi% t 

qftq qrr^ tr, 3qr srqrftT, f? sqft#%r ti 
sttchotw st i §q%? quwft qrw te i 

§*q$ SRf %fqqr?g i <s?ftq wrcqfqft u 
W33T* I ftfif t«il? srfif 'sresw (?) 

Hrfqqr qp?raw l 3f?qr?qc g*r?i Ihrats i 

qf f#qqfqu«% i ?rfs foqjf^ qffoqft^ *i% i 
fqreforem q»T3str qqnqg qqrcf^q^r sig ii 
aft ’qftf srw^qr t *pre?f^qf^s q^lqr i 
dtqSf gqrf «rq^ %tf i ^I«T5iq gf ST^tf II 

'.;^0r + + + + 

2 The work begins thus : — 
fiqrftrcf^rtrtr, f^wgiqracT, q?qf%ftr?f?f^qrq?tr i ~ 
q?q , oiqqftqitr, fe^f^qrtr, i%f?%qrqi|r it 
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of Siddhasena, S amantabhadra, Akalahkadeva. Svay- 

ambhu and Pushpadanta. 1 He must, therefore, have 
been writing some time in or after the 10th century AJD. 

§12. ‘ Mehesara charia’ of Simhasena is yet another 
work, that has of late come to light. It has also been called 
‘Adipurcma’d The author wrote it for Khema Simgha or 
Khemaraja, whose name appears in the colophon of each 
Sandhi 3 The poet was also known by the name of 
‘ JRaidhu.’ He was the son of Harasimgh Simghai and 

the pupil Yasahlclrtti , pupil of Gunakirttid These 

3TCT 1 TTHf^I II 

+ + + + 

The colophon at the end is: — 

33 qf 

qrm «?f3r 

qR#r II 

*3? q>fq*rar jn[*Nis i grn? I 

dr ^m?cr ^ \ §333 ng? i 

5?q 03 fh*n^ R?rt i grrqHft raR | 

+ + + Hf- 

sifpisrRsrt, ff^qr^raRsd i 
s Hf r3sq-#JT^-Hff-qiW%q. . . 

‘qjfsfcR f?fnw I §3 qq? 531% I 
5i3 q>fg 3515555 1 usms gurirsp? 1 
% ’qffcr TOtqr f I %«nr Sfqqrgro sr^rar 1 

+ . 4 - + + 

qr araggroftraqrog 1 HiwwwgqRsHiqrstaHre 
&R 5tng 3? 305 1 33 f %33Jig 1 

3m af q%t q??5}3 wn 1 fe R s raT%i% 
ugqqqqjq?^ qspkre i suggRpruf 1 
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Aeharyas are known to have lived about the time of 
king Klrttisimgha of Tomara family who was reigning 
at Gwalior in AJ). 1464. 1 Thus Simhasena alias 
Raidhu must have been writing about this time. Simhasena has 
mentioned in his work, Gundkara , Dhirasena, Devanandi, 
Jinavarasena, Bavishena, Jinasena, Surasena, Dinahara- 
sena, Svayambhu, Chaumuha and Pupphayanta . 2 

‘Raidhu is also the author of another small work 
Dahal aJclch anujay am d l a- (Dasalakshanilca jayamala). It 
contains in all' sixty-eight Apabhramsa verses, six or seven on 
each of the ten articles of dharma of the Jainas. 3 The 
name of the author appears in one of the concluding verses. 
hi #t nftrs fofa | spfftrifir ggfH i 
f^f^r?r kun gnsus f hsh; 'ran? i 

i nfa srflpmrs f 

fn? gajfos? 1 133 <raT<? f hh i 

Tn a Prasasti appended to the MS. of ‘ Jnanarnava ’ deposited 
in the Jaina Siddhanta Bhavana, Arrah, we read : — - 

sw hr ?rnrr? \ 

«rNngi&£ 

*t° sft W6 STt go sffrrgTCr- 

»ro 

- iwr i fw 5FS snfo \ 

g«r wtf HtfHH f?r^gRH i srkk^j ii^ll 

*iftr fcsrran?3 t sNr fe%r srf iftr?s i 

^HHnwn® rMw i irfan irii 

i nfk wi|r kg i 

SHH3I xrggf gcqFWcT IRII 

fRH? &ST% 3HHT I fa? R>Rftj Hf HIHT I 

3 The ten dharmas are enumerated in the first verse of the 
work : — 

3tW srsr? sras kso? i 

3T<g*»t I 

RvW I isW | 

hwt tsm Rifi I 3WH 3§OT gf fjiftl 

+ + 4- + 
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These two works of Raidhu prove that the Apa- 
bbramsa language continued to he the vehicle of 
literature among the Digambara Jainas as late as the 
15th century A.D.\ 

The ending verses of the work are : — 

5 i% qitiftq i q?n % srsHa* i 

«5*T 3!SWg T%5? 3 I g*T *3^ 5g ft<&* II 
ftrajqrur 5 % qqjftrssrg, qiftrqg ftps i 

tfr #*rcfrfip HSf ft*r*i*, 5 frargg ^?g ftps 11 
gq 3>r3><3 ftrssR t £ gqrft *rsr ftr'sri 1 
sftrft srsmirc 1 # q* 11 1 11 

%T £ 1*1 531 gqiftssig 1 vrwftiT qgg ftqstg 1 
*sW 35HTT51 §n* I Rg3 q^3 «Br3f3 *ITg3 || 

m ®m jpr hsw ^ 1 fftg wfrasr m 1 

ftf <51^ q^ift* q?«i; 1 qtftrq ^*qg 5^ it 

ft* eg *s 3 r*^ 1 #r? i? awf 1 

*fNn *rn? t <? sraftFif 1 §3 3 m m R^r qftmg 11 
^Wlg Iftftra I ft*$ft HHT&3 | 

*555 vrm-^<ir 3 T%ag 1 sfft g*r 5**1% nftrag n 
*OTTsr*r H^war ftsrg i ft^r n*3 qt?i qrftsfrg 1 
rftenftrsr wr?ff ftifttsrg 1 q;ir q *3 q^ftsrg 11 

lflii : P : llS1i;rii srar 

3l5P*^ 1^3, tl3 Pf3, 3tTg ftftfft* fag ng I 

smmg nm% tf wif §fag uf 11 

'My information about this author and his two works is 
based upon the ^igftr«^5r*TnoH, published by the ‘ Jaina 
Granth Batnakara Karyalaya,’ Bombay, 1923, and upon an article 
of Babu Jugal Kishore Mukhtar, published in the Hindi monthly 
‘Jaina Hiteshi’ Yol. 13, pp. 103-107. 
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§13. Yogasara or Dohasarci of Yogachandra Muni 
contains 107 Apabhramsa verses. The metre of the 
work is 1 clohd\ which alternates at one or two places 
only with a verse in Soratha or Chaupai 1 . Its lan- 
guage comes so near the modern vernaculars that we may 
call it old Hindi. It thus illustrates the last stage of the 
Apabhramsa language. This author may be identical with 
the author of Paramatmaprakasa (ef., p. 160 footnote). 
Pt. Nathurama Premi assigns the poet to the 12th century 
A.D. The subject-matter of the work is spiritual 
didacticism. 2 

§14. A work, similar to the Yogasara of Yogachandra, 
has recently been discovered by the writer. It is the 

‘The work begins with the verse 

sr*rr ^53 wiw ti ? u 

4 . + + 

4* Hh + 

srwjsr qn?*rr iff s 

wgj? nfe* i 

x + + 

gftsrr sffac srt srrarf ^ snftiss i 

+ 4 + 

i fig «r^lg #T shra I 

f 55 *11 swtusjs t s#' atrk* sjhre u? sroiwa u 

+ + + + 

$*mt? wr i sita% gfipn i 

srar&rtpj w i ?jlf t wNr is A" A 

2 This work lias recently been published in Manika chandra 
Digambara Jaina Granthamala No. 21. 

23 ' 
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Srcivakaehara of Dewasena. 1 It deals with the conduct 
of Jaina laity in about 250 dohd verses. The name 
of the author occurs in the last verse which is somewhat 
faulty in the MS. 2 

Five Prakrit works of Dewasena have already been 
published. According to a statement in one of these works, 
Darkmcisdra, Dewasena wrote in V. S. 990 s . Considering 
the language of the SrcivaTcachara, we would not be justified 
in identifying its author with the author of ‘ Darsana 
sara’, and thus assign the work to as early a period 
as the 10th century A.D. There is, however, a circum- 
stance, which induces me to think that the ‘ Sravakachara ’ 
may be originally the work of the same Dewasena. 
The concluding verses of Nayachakra, one of the works 
of Dewasena, tell us that the work was originally composed 
by the author in ‘Dohas’, when, however, it was recited 
to one Subhamkara, the latter observed with a smile 
that the metre did not befit the subject-matter of the 

J The work begins tlms : — 

jpt 4=5 p, ^ i 

srsHufir tnw ni.it 

fsrm q q i fog i 

hit?, m m irii 

Br? srfirarT nqfit, pjg i 

fit? sfor? wr srswfflt, wws IRII 

H- + + 

St q?5tf ht? ii 

xxx 
2 ?q $r?r ar^«i wht i 

tttti q*r (?) 

iwn grtf ?nrt aajgr*? i 

<mr up? i&gt w? ^mffq iro ii 

[ %zr*im ] 
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work which might be better turned into ‘ gatha verses’. 
This was subsequently accomplished by a pupil o£ 
Dewasena, by name ‘Mailla dhavala.’ 1 This clearly shows 
that Dewasena used to write in dohd metre. Probably 
the use of this metre was new at that time and hence 
it did not appeal to the said ‘ Subhamkara.’ May be, that the 
Sravakaehara is a work of this very author, but in that 
case it must be admitted that the language of the work 
has been tampered with. 

§15. Jayatihuyana stotra of Abhayadeva suri, in 
point of language, belongs to the same category as the above 
two works. It consists of thirty verses only. 2 

§16. There occur forty verses in the daily ritual 
of the Digambara Jainas, which are purely Apabhramsa. 
Eight of these form the ‘ Dev a Jaycmala ’, thirteen 
the ‘S astro, Jayamala \ another thirteen the ‘Guru 
JayamalcA and the remaining six the ‘ Pafichaparamesthl 

for# sfoawr i 

waft rrTsrdsfor d wgr? u 

?53r snfod %' i 

d UTfT II 

2 This work has been noticed by Peterson in his Report, 
III. p, on p 245. 

sni fog *wr i 

%wr swr srrar Hrfo** 
f’UTl 15Tf foster »mr |t ^ ti 

X X X 

uf rfo? 

d jpur wi sfospsr srfofoss i 

«?n giro 4*tw*t 3tft*r, 

foft nioti 
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Jayiwiakt . 1 Of these, the first has been appropriated from the 
Yasodharacharita of 1 Pushpadanta.' Very likely the rest 

irailgrah $rcrsrg!fi 5 $, g§ ( 

gg qNt®' gg u 3 »i 

aq jgfrre tu? i m sifspt s 

srssr hwt i w%#?«sr <r«rN* si s u 

X X X X 

5 Rr qi?r qra feVqr &wror t m sranrarw sth ti » » 

*X *\ 

srst 

gg aiftjN wurii, gfar fotreff, q?fgfejjrf*j*rgti 3 f*rf|: i 
wggjgft' w$%\ stfora fmg if » q?irftri% sregsmflrfg is *? n 
X X x X 

§f ^t?w, *wr ftranw, i 

{Smrqiftjqrn^afh, awiRdfl, n 3 n 

fSrfij? g?r? f^ftpnqaK i nftrg iig%*t hq qrm* i 
fiteMitjfoiir ww? i srorqqrmfSr f^rf^f?c 3 if% » s a 
+ + + + 

gg f^rarar? errforfogs? *rf i at ftr* wg sirf i 

m g? «af$r $m m% i wrar i% 3 Tr?f it s g k 

X X X X 

3pn*rarey 

mnm r, mivj, srsstfe fe^rcqrajf i 

ere sj&rrg, gsnsrwfag, 4 =a ggipg n 3 11 

qgtfo flff tf%% tfteas s ^%&st« 5 fhTf ti 1 

X x x x 

$ m gtr, srsrasftfr, ^^ngdj^r 1 
WITOfiR, SOT? m 5 fl 5 Tt*TT n 3 g ti 

gsj whipsaw w 

ffS*r grg«?-gc-sr% gqrar 1 qg «gwf g*rerwsft crcrar 1 
gsw qnw ^rar wgtr 1 # firon fgg ®nf 11 3 11 

X XX X 

^ «to>T 5 fi <Nr gg 1 ggf $S 7 ? wt! #% ?ft I 

$£? qiswf i 3* qsrr®# 11 1 11 

[ ftw J. G. R, K. Bombay.] 
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have also been taken from similar works, but I am, at 
present, enable to trace their sources. 

§17. Among the thirty seven short Sanskrit and 
Prakrit works preserved on a paper manuscript in the Jaina 
temple at Jaswantnagar (TJ. P.), there are ten works in the 
Apabhramsa language, namely, Suandhadasamt kaha, 
JRohini vidhana hatha, Muktavali vidhdna hathci, Ananta- 
vrata hathcinaha, Nirdoshasaptami Tcathdnaha, Pdshapai- 
Icahd, Jinapurandara hatha , Uddharana hatha, Jina- 
ratrividhdna hathanaha and Solahahdrana Jayamdla. 
The first two of these works are the longest as they contain 
two sandhis each. The author of Rohinividhana hatha 
is Revanandi muni. Nothing is known about the authors 
of the other works. 1 

§18. On the basis of the Introduction to the Bhavi- 
sayattakaha (G. O. S. No. 20) and the present article, a 
bibliography of the Apabhramsa literature so far discovered 
may be added. 

1 Extract from Suandha da-sami kaha. 

Bwr aatte ft 5 *? taaf asrsftwi i 

srrffstfoj 'T'Trafi?, m at ti 

ft I 

+ + + + 
aft $Tg sar §ftw Bra a? mJt ftssra i 
*ft f^rre, qrsr, aftftrai§ ug tmi 
ri% «?u5tr i 

Extract from Rohini vidhana hatha. 

an ftf ajftr m t 
tfftftr w# ftrc af^«? n 

+ + + + 

%t, tfteftjprt, ssffctg gftnfat i 

gfc wsff, Taft treat n 
ffo «p*t ampr t 
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I— LARGE WORKS. 

1. Harivamsapurana of SvayaiiibhMeva [BhJ 

2. Paumacliaria „ „ >, 

3. Tisatthipurisagunalankara of Pushpadanta. [Bh., 
B. K.} 

4. Harivamsapurana of Dhavala [S. K] 

5. Neminahachaiiu of Haribhadra [G. O. S.J 

6. Mehesaracbariu of Simhasena [J. B.] 

7. Aradhana of Nayanandi [G. 0. S.] 

8. Sudarsana charita of Nayanandi [S. K.] 

9. Yasodliaraeliaria of Puslipadanta [Bombay, Bh. 
and B. K.] 

10. Nayakumaraeharia of Pushpadanta [B. K.] 

11. Kathakosha of Srichandra [B. K.] 

12. Bhavisayattakaha [P. Munich, 1918 ; Baroda, 1 923.] 

13. Karakanducharita of Kanakamara [S. ICj 

14. Parsva Parana of Padmakirtti [B. K.] 

II— SMALLER WORKS. 

15. Paramatma prakasa of Yogxndradeva [P.] 

16. Yogasara of Y ogaehandramuni [M. B.] 

17. ^ravakachara of Dewasena [with the writer] 

18. Dasalakshana Jayamala of Raidhu [J. G.] 

19. Deva, Sastra, Guru and Patichaparamesthi Jaya- 
malas [occurring in the ‘ Nitya Puja ’ J. G.j 

20. Jayatihuyana stotra of Abhayadeva suri [P.R, HI, 
p. 245.] 
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21. Safijfia Mafijari of Meghesvara suri [G. 0. S.] 

22. Commentary on the above by a pupil of 
Hemahamsasuri [G. £>. S.] 

23. Vairasamichariu of Varadatta [G. 0. S.] 

24. Paumasiricharita of Dhahila [G. O. S.] 

25. Antarangasandhi [G. 0. S.] 

26. Chaurangasandhi [G. 0. S.j 

27. Sulasakhyana [G. O. B.] 

28. Bhaviya Kudumbaraeharita [G. O. S.] 

29. Sandesarasaka [G. O. S.] 

30. Bhavana sandhi [G. O. S.] 

31. Dohakosha [G. O. S.] 


32. 


Sugandhadasamikatha. 


33. Rohinividhanakatha. 

34. Muktavalividhanakatha. 

35. Anantavratakathanaka. 

36. Nirdoshasaptamikathanaka. 

37. Pashapai kaka. 

38. Jinapurandara katha. 

39. Uddharana katha. 

40. Jinaratrividhanakathanaka. 

41. Solahakarana Jayamala. 


On a single 
MS. in pos- 
session of 
the Jaina 
temple, Jas- 
wantnagar 
(U. P.). 


42. Praehina Gurjara-kavya Bamgraha (G. O. B. 
No. XIII.) 


Ill— Works in which Apabhramsa portions 
or quotations occur. 

43. Prakrita Piiigala [K. S.J 

44. Natya Sastra of Bharata, Chap. 32. [K. S. 

No. 42]. -v": v v-/ ; - 
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45. Siddha Hemaehandra, 8th Adhyaya [G. C.] 

46. Kumarapalaeharita of Hemaehandra (G. C.) 

47. Prakrit Sarvasva of Markahdeya [P.] 

48. Sarasvatikanthabharana [P.] 

49. Dasarupa of JDhanafijaya [P.J 

50. Dhvanyaloka of Anandavardhana [P.] 

51. Vikramorvasi of Kalidasa, Act. IV. [P.] 

52. Prabandhachintamani of Merutunga [P.] 

53. Vetala pafiicha vimsatika. 

54. Simhasanadvatrimsika. 

55. Kumarapala pratibodha of Somaprabha [P.] 

[Pp. 3, 25, 38, 39, 57 and (1) Jivamanah 
kai-anasamtapa katlia 

(2) Sthulabhadra katha 

(3) Dasarnabhadra katha.] 

56. Upadesa Tarahgini of Ratnamanclira (P. Benares) 

[Pp. 1, 64, 70]. 

57. Bupasanaha charia of Lakshmauagani 

[Benares, 1918]. 

Abbreviations used in the bibliography, which 
indicate the places where MBS. are known to exist, the 
publication, or the source of the writer’s information. 

Bh.=Bhandarkar Institute, Poona. 

B. K. = Balatkaragana Jain Bhandar Karanja (Akola- 
Berar). 

G. 0. B.= Introduction to the Bhavisayatta kalia, 
published in the Gaekwad Oriental Series No. XX. 
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G. C.= Government Central Book Depot, Bombay. 
J. B.=Jaina temple of Bijnor (U. P.) 

J. G.=Jaina Grantha Ratnakara Karyalaya, Bombay. 

K. S.=Kavyamala series, Bombay. 

M. B.=Manikackandra Digambara Jaina Granthamala, 
Bombay. 

P.= Published. 

P. R.= Peterson’s Report of Sanskrit MSS. Yol. HL 
S. K.=Senagana Jaina Bhandar, Karan j a, (Akola- 
Berar.) 




DEPARTMENT OF INDIAN VERNACULARS. 



IDENTITY OF THE PRESENT DIALECT- 
AREAS OF HINDUSTAN WITH THE 
ANCIENT JANAPADAS. 

DHIRENDRA VARMA, M. A., 

Lecturer in Hindi. 

1. The vernacular of the people of Hindustan 1 * * * 
consists of a number of dialects. According to the 
Linguistic Survey of India 5 , these dialects form four 
groups, and each such group is regarded as a separate 
language in the Survey. Thus, Hindi is said to be the 
amalgamation of two entirely different languages, which 
have been given the names of Western Hindi and 
Eastern Hindi. Western Hindi has five dialects under 
it, viz., Hindustani, Bangaru, Braja Bhasha, Kanaujl, and 
Bundeli ; while Eastern Hindi has only three, viz., 
Awadhi, Bagheli, and ChhattlsagarhI. Bhojapuri, Maithili 
and Maghai dialects are grouped together under the name 
of Bihari language. Finally, Rajasthani is regarded as a 

1 Hindustan is used in its restricted sense here. It signi- 
fies the whole valley of the Ganges with its tributaries as 
far as Bhagalpur in the east. It thus roughly includes the 
modern province of Delhi with the Punjab districts of Sirhind, 
the United Provinces of Agra and Oudh, the province of Behar 
excluding Orissa, the Central Provinces leaving out the four 
Marathi speaking districts, the Central India Agency and the 
Rajputana Agency. The word is used in this very sense by 
Sir G. A. Grierson in his Modern Vernacular Literature of 
Hindustan, preface, p. 8. 

“Linguistic Survey of India, edited by Sir G. A. Grierson, 

Yol. V., Part II. 

Yol. VI. 

Yol. IX., Parts I, II. 
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separate language with. Malawi, Jaipur! and Marwari as 
its chief dialectic varieties. Now the areas in which 
these dialects are spoken coincide almost completely with 
the ancient Janapadas of Madhyadesa 1 , the name by 
which Hindustan was called in Pre-Mohammadan days. 
The connection was not lost altogether during the 
Budhist, the Hindu and even in the Mohammadan 
periods. 

2. Starting with the dialects of Western Hindi, 
Hindustani has naturally the first place. As a local 
vernacular it is spoken in Western Rohilkhanda, the 
Upper Gangetic Doab and the Punjab district of Ambala. 
This area coincides almost completely with the ancient 
Kuru country. It is point of some interest that the 
purest form of the dialect is spoken in the vicinity of 
the district where Hastinapura, the ancient capital of the 
Kura country was once situated. 

This dialect is virtually, the lingua franca of the 
Indian continent, leaving out the extreme southern land 
of the Dravidas of course. The whole Urdu literature as 
well as the rising modern Hindi literature is modelled 
on the grammatical structure of this dialect. The reason 
is not far to seek. During the Mohammadan period, 
Delhi was the capital of India and thus the dialect of * 
the surrounding districts rose into importance and was 
carried away far and wide. The influence continues to this 
day. 

3. Bangaru dialect, which is a mixture of Hin- 
dustani with the Punjabi and the Rajasthani languages, 
is spoken in that part of the ancient Kuru country which 
was given to the Pandavas by their Kaurava brethren. 

It was here that Indraprastha, the rival of Hastinapura, 

J J. R. A. S., 1904, P. 83. 

Fa-hian, Chap. XVI. 

Albernni, Vol. I. P. 198. 
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arose. In the Hindu and the Mohammadan periods, the 
cities of Thanesvara and Delhi were its representatives. 
The latter was once more destined to be the capital of 
the Indian Empire. This area includes the sacred land 
of Brahmavarta 1 of ancient times. 

Just as Hindustani is spoken along the upper 
course of the Ganges, so Bangaru may be said to be 
spoken on the banks of the sacred Saraswati. The two 
areas are separated from each other by the blue Yamuna. 

4. Kanauji is at present the dialect of the east 
central Doab and the country to its north as far as the 
Himalayas. The area represents the ancient- Panehala 
land but it has been much compressed of late by the 
expansion of Awadhi and Braja dialects on its either sides. 
To have a correct idea of the extension of the Panehala 
country we shall have to include a few districts from 
both of these neighbours. The centre of the dialect is 
the. city of Kanauja, which is not far from the site of 
Kampila, the capital of King Drupada of the Panchalas. 
Like the ancient Panehala land, the area is still divided 
by the Ganges into the northern and the southern 
portions, though a major part of the northern Panehala 
tract, including the site of its capital Ahikshetra, has 
come under the influence of Braja Bhasha. 

This influx of Braja Bhasha to the north of the 
Ganges is perhaps due to the constant flow of the 
people of this part to the sacred places of Mathura and 
Brindavana. Even to this day people annually visit 

these centres of Bra-ja Bhasha in very large numbers. 
Besides, there was no capital city in this part of the 
country in later periods, Ahikshetra having vanished with 
Budhism. Such a centre would have helped much in 
keeping the individuality of this portion distinct from 
its neighbours. ■ ■■■ " 

'Manusmriti, II. 17. 
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5. As opposed to Panehala, the old ^orasena country 
must have been smaller than what the Braja-area 
represents it to be. Braja Bhasha is at present spoken 
in the west-central Doab and also in the country to its 
north and south. It has already been stated that the 
encroachment of this dialect to the north of the Doab 
beyond the Ganges is of a recent date, the river being 
the natural boundary on this side. Towards the south 
also it has extended much beyond its proper jurisdiction. 
The purest form of the dialect is spoken along the banks 
of the Yamuna, near Mathura and Brindavana. 

It is true that throughout the Hindu period Kanauja 
retained its supremacy as a political, literary and even 
social centre of Hindustan, and for that matter of the 
whole of India, but Mathura was the religious centre; 
and we know religion is above everything else in this 
country. Moreover, the literary revival at Kanauja in the 
Hindu period # was confined to the classical Sanskrit which 
could be understood only by the select few ; so also its 
social dignity was extremely orthodox and aristocratic, 
but the establishment of the Krishna worship in Braja 
at about the same period and its revival by the Vaishnavas 
in the Mohammadan times were popular movements and 
had far-reaching liberalising effect both on literature as 
well as on society. The Vaishnava literature of the Braja 
Mandala is responsible to a great extent for the expansion 
of the local dialect beyond its natural boundaries. Only 
half a century back, Braja Bhasha was the literary languag e 
of Hindustan. The place has been usurped of late by the 
modern Hindustani. 

As political centres both Mathura and Kanauja were 
completely destroyed by the early Mohammadan invaders, 
but Mathura had its rebirth in the beautiful city of Agra, 
the city of the Taj, which once rose to become the capital 
of the Mughal Empire, while the mighty Kanauja, the world 
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famed Canogyza of classical geography, seems to have attained 
Nirvana.. To-day, a province is named after Agra, but 
what is Kanauja, not even a district town. 

6. Of all the Janapadas of Hindustan, Kosala or 
Awadh has retained its individuality to a great degree even 
upto the present day. During the Mohammadan period, 
when all these ancient divisions were confused in a way, 
Awadh ultimately made itself separate under its famous 
Nawabs. To-day, under the British rule, the Talukedari 
system has kept it aloof from the sister province of 
Agra. 

But the present day Awadh, as represented by the 
Awadhi dialect as also by the political sub-division, is 
not quite the same as the ancient Kosala. It has shifted 
towards the west and the south, thus slightly encroaching 
upon the old Panchala and Yatsa countries. Its eastern 
boundary once touched Videha 1 but between the two now 
intervenes the dialect area of Bhojapuii. Kosala was situated 
on the Sarayu 1 but Oudh should be described as being 
situated on the Gomati. Ayodhya, the ancient capital, is 
at present just near the eastern boundary of the dialect 
area, where AwadhI ends and Bhojapuii begins. 

There were several causes of the westward shifting 
of this dialect area, the first and the foremost being the 
removal of its capital from Ayodhya to Sravasti. The 
latter was the capital of Kosala during the whole of the 
Budhist period, and its influence on the life of the people 
must have been considerable. It should be remembered 
that Sravasti was much farther up towards the north-west 
in comparison to Ayodhya. During the Mohammadan 
times the centre of the activities of Awadh came down to 
Lucknow, which too is considerably towards the west Even 

^atapatha Brahmana, I. 4. i. 

2 Ramayana, L 5. 5. y 
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to this day Lucknow is the most important city not only 
of Oudh but virtually of the whole of Hindustan. 

In ancient days, Kosala was perhaps divided from 
Panchala by the extensive forests called Naimisharanya, 
where the great Bharata was repeated by Sauti to Kulapati 
Ssaunaka. When these forests were cut, the people of 
Kosala seem to have occupied the land, for they were 
expanding in that direction at the time. 

7. Since the revival of Hinduism, Kasi, the city 
of Visvanatha, has been the centre of religious activities. To 
a modern Hindu, it is the holiest place in the whole land of 
Bharatavarsha. In very ancient times, the court of the kings 
of Kasi was a great centre for religious discourses ; its rivalry 
with Videha was very great in this matter. The banks of 
the holy Saraswati or the sacred forests of Naimisharanya 
may dream of their past glory but the city of Visvanatha 
even to-day stands supreme, equally for old learning and 
religious sanctity. It is, therefore, natural that the 
solid dialect area of Bhojapuri, the vernacular of the 
country round about Kasi, should be so predominant. 
Just as the religious centre of Mathura has pressed 

back _ the Kanaujl dialect from its natural vicinity, so 
has Bhojapuri encroached upon its neighbours, viz., 
Awadhi and Maithil!. The dialect has also sent a 

branch towards the south-east to Chhota-Nagpur but this 
is only a recent expansion. Here, the native population 
still consists of Kols and Santhals and the area is 
covered with extensive forests. 

Leaving aside the small city of Jaunpur, the 
Mohammadan kings did not make this area the 
centre of their activities, hence it had no political im- 
portance during the Mediaeval times. At present the 
area is hopelessly divided between the two provinces 
of Agra and Behar and these boundary people are 
looked down upon by those who are in power. The 
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area is roughly separated from Maithili and Maghai 
areas by the rivers Gandaka and Son respectively. The 
Sarayu flows across the whole tract. In the south, the 
Son is the natural boundary. 

8. Inspite of so many vicissitudes, Mithila or 

Videha of the ancient days, still keeps its individuality 
intact, though its fame as a seat of learning and 
scholarship has paled before that of NavadvTpa and Kasl. 
The area of Maithili dialect more or less coincides 

with Mithila of old. In Budhist times, it was divided 

into tribal republics. In the Mohammadan period, it 

did not take any part in the politics of the country. 
Like a retired scholar, Mithila never aspired to take 
a lead in controversies, be they political, social or religious. 

9. The dialect area of Maghai almost exactly 

corresponds with the ancient land of Magadha. Like 
Pataliputra, the present capital Patna is still a boundary 
town. Magadha had considerable importance during the whole 
of the Budhist period. It was from this land that Budhism 
spread throughout India, and beyond to Burma, Cambodia, 
Java, China, Japan, Tibet, Central Asia and Afghanistan. It 
was the seat of the empires of the Mauryas and the Guptas. 
Even in the epic times, Jarasandha had similar aspirations 
but they could not be realised on account of the rising 
power of the western Janapadas. 

10. According to the present survey, no dialect area 
marks out the Anga country. But this ancient country 
cannot be lost to us, for it was alive up to very recent 
times as Champa of the Budhist period and Bhagalpur of 
the Mohammadan times. 

About the southern Janapadas of Hindustan, our 
knowledge ‘is still limited. Their ancient capitals are not 
so well-known to us. These vast territories are still covered 
with extensive forests and are, on the whole, sparsely popu- 
lated,. ' : A ;' : 
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11. Strictly speaking, Chlmttisagarh is beyond the 
natural boundary of Hindustan, but linguistically it is with- 
in it, for its dialect ChhattimgarU is a variety of Eastern 
Hindi. The area is outside the Ganges watershed, being 
situated on the banks of the Mahanadi which flows across 
Orissa and falls direct into the Bay of Bengal. This dia- 
lect area ’represents the ancient Dakshina Kosala. In simpli- 
city, the people may be compared with the Bhojapuris 
who are immediately to their north. The aboriginal people 
are Gonds and the land is known after them as Gondwana, 
a name well-known during the Mohammadan times. 

12. BagheU is another of the Eastern Hindi dia- 
lects. It, is spoken in Central India to the south of Oudh. 
The centre of the dialect is the Rewah state of the 
Baghela Rajputs, after whom it is named. The upper 
course of the river Son falls in this tract. No ancient 
Janapada can be mentioned in the centre of this area, 
but so much is certain that round about the place where 
BagheU meets Awadhl was the Yatsa country with its 
once famous capital Kausambi. The site of Pratishthanapur 
that legendry capital of the Chandravamiis, is also situated 
near- its northern boundary. Since the time of the Muham- 
madans the city of Allahabad feebly represents the vicinity 
of these famous capitals and is at present the capital of 
the United Provinces of Agra and Oudh. 

13. There is no doubt that the Bundeli area repre- 
sents the ancient Chedi land, whence hailed Sisupala, the 
bom enemy of Krishna. The Betwa is the chief river 
of this region. This area contains the famous city of 
Mahoba of the Alha-Udal cycle. In mediaeval times, the 
Hindu kings of this country fought many a tough battle 
against the emperors of Delhi. To its immediate north 
is the Kanauji area. 

It should be remembered that the extension of 
Bundeli and Bagheli dialects beyond the Narbada appears 



PRESENT HINDUSTAN DIALECT- AREAS AND JANAPADAS 197 

to be of a recent date. These areas gained much import- 
ance at the time of the Mohammadan invasion, when 
the Hindu kings were driven from their hereditary king- 
doms in the fertile Gangetic plains and had to seek shelter 
in these forest-clad hilly regions. 

14. Malwa is a very ancient land. Its old name 
was Avanti. It is a high plateau, bounded on the 
south by the Vindhya range and sloping gradually towards 
the Gangetic basin. Avanti is now represented by the 
dialect area of Malivt. Of late, the dialect has advanced 
to the south beyond the Vindhya and the present boundary 
is the river Tapti and the Satpura range. It will appear 
a little strange that water falling in such distant cities 
as Bhupal, Indore, Ujjain and Udaipur should come 
ultimately to the Ganges. 

The Bhojas of these southern regions are mentioned 
in the Aitareya Brahmana. 1 Narwara, the capital of Raja 
Nala, Vidisa where the plot of the famous romance of 
Bana is laid, Ujjain! the city associated with the names 
of Vikramaditya and Kalidasa, and Dhara the seat of 
the last revival of Sanskrit studies, are some of the most 
important ancient cities of this area. The well-known 
stupa of Sanehl is also here. Malwa was always an 
important province during the Mohammadan period. At 
present, the area is divided into a number of Hindu 
states, Indore being the chief of them. 

Bliils are the aboriginal tribes of the hilly parts of 
this country. They live in large numbers in the Vindhya- 
na forests. 

15. The area of the Jaipuri dialect represents the 
Matsya country of the epic age. It was counted 
with Kuru, Panchala and Surasena Janapadas and 
with them it was included under the common name of 


1 Aitareya Brahmana, 38. 3. 
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BrahmarshideSa 1 . The Haroti sub-division is a later expansion 
of the main people. The royal families of Kota and Bundi 
are also offshoots of the central house at Jaipur. Both 
in the ancient and the Mediaeval periods, Jaipur and Malwa 
were the bases of the people of Hindustan for their 
excursions to Gujrat and the Deccan. 

16. Marawara, the uninhabited Marudesa of the 
ancients, is a vast desert country beyond the Aravali hills. 
This was occupied by the Kshattriyas of Hindustan when 
they were finally driven out from the plains by the 
victorious invaders. Marawdri is the dialect of this tract. 
Marawara may be said to be beyond Hindustan proper. 
The Mewarl area, which is a sub-division, should not be 
included in it. Mewara cannot claim very great antiquity 
but with a single fort of Chittor its importance in the 
history of India can never be forgotten. To its south- 
west, beyond the Salambar hills, is the fair land of Gujrat. 

17. Tlius, an attempt has been made to show how 
the present dialect areas of Hindustan almost completely 
correspond with the ancient Janapadas of Madhyadesa. 
Attention has also been drawn to the fact that this link 
was more or less unbroken during the Buddhist, Hindu 
and even the Mohammadan periods. 

How could these Janapadas keep their identities 
separate for at least about three thousand years is a pro- 
blem which needs a separate and a detailed treatment Here 
only a few surface facts have been mentioned in this connec- 
tion. Firstly, the very nature of these Janapadas, the 
ancient colonies or settlements of the Aryans, encouraged 
the existence of their separate identity. On the banks 
of important rivers, the forests were cleared and the 
settlements were made at convenient places, with single cities 
called nagaras or puras as their capitals. All the activities of 


'Manusmriti, II. 19. 
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the settlement were concentrated at one point, namely the 
capital. 

18. This sort of concentration continues to the 
present day, though the particular places may have shifted 
several times. In place of Indraprastha, the capital of the 
empire of Yudhishthira, we had Thanesvara and Delhi, 
also capitals of big empires. In place of Mathura, Agra 
has come to the fore since the Mughal times. If Kampila 
and Ahikshetra were completely lost in oblivion, Kanauja, 
the glorious capital of Harsha’s empire, took their place. 
Farukhabad, the Mohammadan substitute of Kanauja, could 
not fill its place when the latter was destroyed in its 
turn. This was perhaps due to the vicinity of Agra and 
Lucknow on its either sides. Lucknow is the unrivalled 
city in Oudh, what Ayodhya once was in Kosala. Kasi 
stands unchanged since very early times. Bajagriha, the 
capital of Magadha, was replaced by Pataliputra ; the 
latter with its slightly changed name Patna is even to-day the 
capital of Behar. Perhaps the mighty Pataliputra could not 
see any rival in its vicinity, hence the absence of any important 
town in Mithila. Both Janakapur and Darbhanga seem equally 
dreamy and unreal to the present-day people. If the dialect 
area of Anga could be restored, Champa of the Budhist days 
and Bhagalpur of the Mohammadan and even modern times 
could be counted as its centres. About the capitals of the 
southern aims, much is not known but Ujjain in Malwa and 
Viratanagara, Amber and Jaipur in the Matsya country are 
too well-known to require any special mention. 

19. Moreover the people of Hindustan are not 
migratory by habit. To counteract it, there have been 
sweeping human floods and other disturbances. In such 
cases what most probably happened was that the people 
bent down and the flood passed over them. Of course, 
there must have been some losses as well as additions 
but gradually the old people assimilated the new elements 
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and again twined round their capital, be it Ayodhya, SravastI 
or Lucknow. This ; is why the ancient Janapadas of Kuru- 
Panchala, Sursena-Matsya, Kosala-Kosi, Videha-Magadha, 
Dakshina Kosala-Yatsa, and Chedi-Avanti, which flourished 
in the tenth century before Christ, are still living in the 
twentieth centiuy after him in the dialect-areas of Hindustani, 
Kanauji, Braja Bhasha, Jaipur!, Awadhi, Bhojapurl, Maithili, 
Magha!, Chhattisagarhi, Bagheli, Bundel! and Malwi 
respectively. 

20. In face of the overwhelming proofs in favour 

of the proposition it may be hoped that certain dis- 
crepancies, e.g., the loss of the dialect-areas representing 
the Anga and Yatsa Janapadas, could be made good if 
another thorough and accurate survey were made under 
the supervision of experts. It should be remembered that 
the present linguistic survey is after all a pioneer attempt 
of its kind. It is a strong proof in favour of the 

suggestions made here that the survey, which was not 

made with this motive, should so thoroughly reveal the 
existence of the different people as they once flourished 
in very ancient times. In fact, a map of the, present 
dialect-areas of Hindustan prepared on the basis of the 
data gathered in the light of today, appears to be a 

map of this country of the time when the great battle 
was fought on the fateful field of Kurukshetra 1 . 

'For Hindi version of the paper see N. P. Sabha Journal 
Vol. Ill, Part 4. 



Chart showing the existence of the ancient Janapadas at different 
periods under different names. 
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Martineau develops his intuitional position by pointing 
out, first, that it is the inward spring of action that gives 
value to it. An action, according to him, unfolds the 
following stages : (1) the sentiments whence it springs ; (2) 
the muscular movement in which it visibly consists ; (3) 
the consequences in which it issues. If we cut out the 
first, the other two, he points out, lose all their moral 
quality; “the muscular movement becomes spasm or sleep- 
walking; the consequences become natural phenomena.” But 
not so, if we stop at the first; “else would guilt return 
to innocence by being frustrated, and goodness go for 
nothing when it strives in vain. 1 Secondly , it is pointed 
out that the knowledge of right and wrong as revealed 
in a gradual ranking of our springs of action as higher 
and lower, is immediate and underived. It is sui generis 
and cannot be resolved into any other order of knowledge. 
Questioned as to his proof of it, Martineau’s principal 
answer is an appeal to inward experience. “To the very 
nature of moral discernment it is essential,” he points out 
“that it be spontaneous, ready to meet the first occasion of 
moral experience, and that it be not therefore itself a product 
of experience. The more we appreciate what obligation 
means, the more shall we rest in the psychologically indigenous 

1 Types of Ethical Theory, Yol. II. pp. 25-6. 
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character of its conditions, without any hankering after 
the process of derivation for them.” 1 

Having thus made sure of his intuitional basis, Mar- 
tineau proceeds to face the argument from consequences 
in morality. He expressly repudiates working out a code 
of morals from merely intuitive data. There are two chief 
types of ethical doctrine, he points out, “of which the 
one betakes itself to the inward impulses, and finds an 
order of natural ranks among them ; while the other resorts 
to the outward products in conduct, and applies a calculus 
of happiness for their advancement.” “Notwithstanding” 
he continues “ their seeming opposition, each doctrine 
speaks with a telling voice to some part or other of our 

nature And each too, it must be confessed, seems to 

leave us with a want unsatisfied.” “ Can we then” he enquires 
“distribute to each its proper part? Or must they treat 
one another as irreconcilable enemies, and fight it out till 
the sole empire has been awarded by the reason of 
mankind ?” 2 

How then does Martineau distribute the proper 
parts and conciliate the enemies? The most considerable 
passage where Martineau discusses the appeal to conse- 
quences occurs in Types. Yol. II, pp. 275-6. 

Martineau allows of two kinds of appeal to 
consequences. Before we take it up, however, we should 
note Martineau’s division of the effects of action into two 
classes. “First, there is the direct gratification of the 
impulse, whence the action proceeds; and secondly, there 
are the indirect and collateral consequences reflected 
back upon us from the world around on which the act 
is thrown, and where it sets new agencies at work” 3 . 
The first kind of appeal to consequences allowed by 

1 Types, Vol. II. p. 73. 

2 Seat of Authority, pp. 79-80 

3 Types, Vol. II, p. 74 
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Martineau deals with “ the direct gratification of the 
impulse whence the action proceeds” (here, we are under 
the first head of Martineau’s classification of the effects 
of action — “the direct consequences”, as he puts it), such 
as the pleasures of knowledge following on the exercise 
of the impulse of knowledge, the pleasures of ambition, 
following on the exercise of the impulse of ambition, 
the pleasures of sympathy following on the exercise of 
the impulse of sympathy, and so on. “ Of what kind 
the gratification (of the impulse) will be we do not 
know beforehand 1 , but after we had the gratification, in 
the thought of the impulse, the gratification is implied. 
“In proportion as the springs of action are self-conscious, 
they contemplate their own effects, and judgment upon 
them is included in our judgment of the disposition”. 
Thus we can appeal on behalf of an impulse, to the 
pleasures of its gratification, without being hedonists 
ourselves. “The computation (of pleasurable and painful 
consequences) is already more or less involved in the 
preference of this or that spring of action 2 . “Prudence” 
and “ Expediency ” thus are brought back into the Intui- 
tional fold, baptised into an appreciation of the value of 
things in themselves and purged of their hedonistic 
leaven. We can, for the sake of clearness, speak of 
a higher or lower “Prudence” and “Expediency”, if we 
like, but they are there. 

The second kind of appeal to consequences allowed 
by Martineau has reference to the situation where, after 
selecting the spring of action, we are in doubt as to 
the particular manner of satisfying it. (Here we are 
dealing with the second head of Martineau’s classification 
of the! effects of action — “ the indirect and collateral 
consequences reflected back upon us from the world 

1 Types, Vol. II. p. 73. , ■ v' : : : 

2 Types, Vol. II. p. 275. 
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around on which the act is thrown, and where it sets 
new agencies at work”). We have a number of courses 
open as to how best to be benevolent, e.g . — Shall I 
help a needy person with ready money ? Shall I give 
it all togethei’, or in instalments? Or, shall I help in 
kind ? “ These questions, ” points out Martineau, “ it would 
be absurd, and, except to a fanatic, impossible to settle by 
any pretended intuitive light; they can be resolved only 
by careful study of each scheme in its natural working 
on the well-being of all whom it affects.” Thay can 
only be settled, in other words, by practical knowledge. 
As Martineau continues: “If conscience selects the right 
affection, utility determines the fitting action; nor, without 
consulting it, is there any guarantee against the perpetration 
of well-intended mischiefs, which may bring the purest 
impulses into contempt. Viewed in this relation, the second 
doctrine supplements the first, and steps in to remedy its 
imperfect competency. Only, it must not enter before its 
time: not till conscience has spoken, is utility to be taken 
into counsel ; it has a diploma for the executive Art of 

Ethics; but is an impostor in the primary science .” 1 

It is, however, in a desire not to compromise con- 
science that Martineau is led in his exposition here to 
sharply antithetical statements, which suggest that he is 
wrenching things out of their true joint. The distinction 
between a well-meaning fool and a practically successful 
man, he says, is one of mere judgment and not of 

character. But if we succeed in converting the fool by 

“intellectual persuasion” and not “the machinery of moral 
correction”, we surely cannot speak of our having saved 
him in future, as Martineau has it, from a blunder 
only and not from a sin 2 . Such a statement will 

itself be a blunder, if not worse! 

1 Seat of Authority, p. 81. 

* Seat of Authority, p. 81. 
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Martineau, it must be admitted, leaves in his standard 
ethical writings (the Types and also the Seat of Authority) 
the relationship between Intellect and Morality very dubious. 
We, however, do not have Martineau’s whole mind here. 
The complementary thought without which the sharply 
antithetical relation of intellect and morality given above 
becomes misleading, we have in a letter of Martineau’s 
on the subject 1 . Speaking to this very point, Martineau 
mites : “Strictly speaking this is rather a rational than 
a moral act.;” “but”, he adds, “it becomes moral at, second 
hand, because reason itself cannot exist, without responsibility 
in a nature entrusted with itself ”. The letter from which 
we have made the extract was written in reply to criticisms. 
But this complementing of his position was not a later 
addition, in the nature of an after-thought. In one of his 
earliest essays, we find the following: — “There are reasons, 
unchangeable as the corporal frame of man, why opium 
should not be taken as an article of food, and why cousins 
should not intermarry. But the grounds of prohibition in 
these cases are rational, not moral ; they are found in the 
outward effects, not in the inward sources, of conduct; and 
only when its outward effects are known to the agent, so 
as to enter among its inward sources and modify its meaning, 
does he pass from unwise to immoral That the “unwise” 
after we have knowledge of it becomes “ immoral ” and the 
outward effects of conduct, after they are known to the 
agent, enter into its inward sources and modify its mean- 
ing — these are the complementary parts of his doctrine 
that we have to remember, if we are not to convict Martineau 
of an ultimate contradiction, as we read his summing up 
of the subject in the Types : “ Thus, in the solution of all 

Quoted in Dr. Estlin Carpenter’s “ James Martineau ", 
p. 559, f.n. 1. 

* Studies of Christianity : Essay on “ The Ethics of 
Christendom. ” 



210 


ALLAHABAD UNIVERSITY JOURNAL 


ethical problems, we have successive recourse to two 
distinct rules: viz., the Canon of Principles , winch gives 
the true Moral Criterion for determining the right of 
the case; and then the Canon of Consequences, which gives 
the Rational criterion for determining its icisdom. The 
former suffices for the estimate of character ; but for the 
estimate of conduct, must be supplemented by the 
latter. ” 1 

Martineau has allowed of two kinds of appeal to 
consequences. The first is, as we have seen, where the conse- 
quence stands for the pleasure which the satisfaction or 
exercise of the impulse, from which the action proceeds, 
directly brings to the agent. Here we have only the direct 
consequences of action in view. The second kind of appeal 
is where the consequences decide as to the means to be 
employed for the satisfaction of an intuitively selected impulse. 
Here it is indirect and collateral consequences that are in 
view. But, when we examine our moral thinking, we shall 
find a third and perhaps the most important kind of the 
appeal to indirect and collateral consequences — viz. 
where we are in doubt as to our duty. We have here 
a number of competing springs to choose from, and do 
not know which should be selected under the circum- 
stances. We therefore proceed to discover it by a follow- 
ing out of the indirect consequences of each compet- 
ing spring and thus comparing them all together. Does 
Martineau allow of this, the most important type of the 

appeal to consequences? Martineau, it is true, does not 

discuss it in so many terms; but it is implied in his 

doctrine of moral judgment. Martineau, for example, 
points out that his table of springs is not to be taken 

irrespective of the context of our circumstances. “We 
are to accept,” he says, “our rival incentives at the 
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hands of circumstance and consider that our duty begins 
with their arrival ”. 1 This analysis of circumstances, what 
is it but another name for the weighing of consequences 
with a view to finding out the particular spring of action 
suited to it? We take up the consequences (the indirect 
and collateral consequences, be it remembered) of one 
spring after another and accept the one which does most 
justice to our circumstances and eliminate the rest There 
is no other way but this of arriving at clarity and 
sanity of moral judgment. And this last and final appeal 
to consequences, we also find allowed and implicit in 
Martineau’s theory of judgment. 

To-day the concrete identity of motive and intention 
is one of the commonplaces of ethical thought. But 
the discussion of all the implications of the question in 
their wide ramification, and with an eye to fundamentals, 
seems to us to be Martineau’s great contribution to the 
subject. 

N. C. Mukekji. 


1 Types, vol. II. p. 267. 
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INTRODUCTION. 

Our age, inspite of itsHove of Catholicism and humani- 
tarianism is in many respects essentially individualistic, and 
our conceptions of human progress and our ideals of human 
freedom are vitiated by the same imperfections which 
characterised the thoughts of the eighteenth century. It is our 
indifference to the great lessons which the nineteenth century 
imparted to humanity at large, that is responsible in a 
large measure for the cataclysm to which we are driving 
ourselves — a cataclysm which overtakes humanity as often 
as man’s attitude stops at the “everlasting no.” The only 
difference between the disaster which is awaiting us in 
the near future and that of an earlier age appears to be 
this that while the latter affected Europe alone, the effects 
of the present “ Aufklarung ” are likely to be co-extensive 
with the world. The enlightenment has been aptly described 
as a “crisis and a revolution in the history of the world 
and of civilization, a movement that penetrates into all 
departments of life, that began in the eighteenth century and 
still continues, so far as the mass of the people in our day 
is in the condition which at that time was characteristic 
of the few.” As a matter of fact in the name of a 
democratic ideal and human emancipation what we are 
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actually striving for is the unmolested supremacy of the 
individual over everything else ; and it is perhaps high time 
for us to realize that an extreme emphasis upon the abstract 
individual can lead to anarchy but no democracy, and the 
self-refutation in this case is not less inevitable than in abstract 
universalism. If it is important to remember that the whole 
is for the parts, it is perhaps more important to insist that the 
parts have no significance apart from the whole and that 
everywhere order and harmony presuppose an amount of 
subordination and plasticity on the part of the individuals. 
There can be no law of the moment because an abstract 
moment is the very negation of that permanence and stability 
which a law implies. If the momentary fragments of my 
conscious life be not held together by the unity of a law 
which is more than these fragments, and similarly if the 
caprices of the exclusive individuals be not subordinated 
to a whole which is over-individual, there can be neither 
self nor society. In one case, it is a “mere manifold” 
without the unity of self-consciousness, as in the other 
it is an absolute anarchy without a community of purpose. 
Hence whenever the abstract individual of the moment is 
emphasized at the expense of the whole, it inevitably leads 
to disintegration in every department of life. In politics, 
it leads to the theory of “ natural right ” which essentially 
undermines the foundation of political obligation; in ethics, 
it leads to individualistic hedonism which ultimately dis- 
solves morality into selfish pursuit of pleasure; in religion 
it leads to pietism which spurns at all creeds and insists 
on a non-eeclesiastical or private form of religion ; and 
finally, in philosophy, it leads to scepticism and distrust of 
reason, thus overthrowing the ultimate principles of know- 
ledge and experience. In fact, when Locke says that man 
is born with a title to perfect freedom, and an uncontrolled 
enjoyment of all the rights and privileges of the law of nature 1 

- 1 Civil Government, Oh. VII, Sec. 81. - 
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it is the application, in the political sphere, of the same principle 
which underlies his thews on the “simple ideas,” the principle 
namely, that the particulars have a nature of their own 
apart from the whole to which they may, but need not, 

belong. This is just what consistency requires. It is as 
impossible for Locke to give priority to the whole in 
politics while insisting on the supremacy of the parts in 
the theory of knowledge, as it would be impossible for 
Hooker and Grotius, Hobbes and Rousseau, to vindicate 
the superior claims of the individual in their politics and 
at the same time emphasize the importance of the cate- 
gories in their epistemology, if they had taken up the 

problem of knowledge at all. 

This individualism, which is characteristic of the 
empirieo-realistie attitude of mind, is everywhere due to 
an imperfect view of the individual. It emphasizes an 
element of reality in its abstractness from the whole, and 
does not see, to borrow a phrase of Mr. Bosanquet, the 
self-transcendence of the individual. Each atom is sup- 
posed to be a hard nucleus impervious to others, and 

their relations to one another are then thought to 
be purely extrinsic ; so that their belonging to one 
world is after all a mere accident and is not essential 

to their intrinsic nature. This is the real significance 
of individualism ; which is equivalent to abstractionism. 
The realistic mind, says Mr. J. W. Scott , 1 stands idly 
before the given... abandoning all attempts to construct it 
trying simply to take it, muttering to himself in succession, 
“just this”, “this here”, “this here now”, “ this out here now”. 
This realistic temper, as he attempts to show through the 
doctrines of Bergson and Russell leads to the narrowness 
of current industrial movements of Europe. It favours the 
multiplication of small organisations “ so that the individual 

1 Realism and Politics, article in the Proceedings of the Aristo- 
telian Society, 1 91 7-18, 
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who cannot get scope for himself in the service of a great 
wide state may be able to select a sphere which suits him 
and get scope there for that in him which the wider 
world has no use for.” Mr. Scott has rightly traced the 
origin of individualism to the realistic attitude of mind, for 
the realistic abstraction of the external world from the knowing 
mind is but a particular application of a more general 
principle — a principle which underlies the common sense 
interpretations of experience as well as the realistic and the 
empirical methods in philosophy. 

THE REALISTIC DOGMA. 

The object of the following lines is to lay bare 
what appears to be the fundamental fallacy in some of the 
current streams of philosophical speculations. The semblance 
of advance which they are generally supposed to have 
made is due to our not realising the exact nature of Kant’s 
answer to Hume, the consequence being a repetition of the 
“Humian fallacy”. It is true that the elements of pre-Kantian 
empiricism have been already found to be present in pragma- 
tism and contemporary realism, and the critics have been 
pointing out the gaps and shortcomings of the empirico- 
realistic analysis of experience. But the very fact that 
the modern speculations are apparently unaffected by 
these critical reflections indicates that the root-fallacy of 
the empirical philosophy has not yet been detected. In 
fact, the substantial correctness of Hume’s position and 
its unassailability have been recognised not only by the 
realists and the pragmatists of our time, who avowedly 
build their speculations upon the basis laid by the 
Scottish sceptic, but this recognition has very often come 
from quarters where sensationalism and empiricism are 
supposed to be exploded doctrines. The necessary implication 
of this of course is, in the words of Dr. J. H. Stirling, 
that Kant’s vast transcendental machinery is a signal 
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failure. 1 Kant’s works, it is well known, were the results of 
reflections upon various problems of his time. His special 
intention was to enquire if the positivistic and mechanical 
view of the world were not ultimately reconcilable with the 
demands of moral and religious consciousness; and this 
spirit of mediation is prominently present throughout the 
arguments of the critique of Pure Season. It may not 
be possible for all of us to accept his arguments and 
results in detail. His theory of the a priori elements 
of experience may be a remnant of the rationalistic 
school, lxis views on the thing-in-itself and noumenon 
may have been due to a realistic bias from which he 
never freed himself, and so on. But this should not 

blind us to his permanent contributions to philosophy, 
specially to epistemology; yet I fear this is just what 
has happened. The peculiar aspects of his teaching have 

exercised and are still exercising such a harmful influence 
upon many of his readers that they are slow to recog- 
nise the value and significance of even the central 
epistemological contentions of the Critique. It is necessary 
therefore to bring the permanent elements of Kant’s 
philosophy into a focus which will at least have the 
use of determining the lines upon which alone the Kantian 
position admits of further elaborations. That such a 

focalisation is absolutely indispensable for any real advance 
of speculative thought is amply evident from this that 
the old exploded theories are again struggling for life 
and even supremacy in our own times, fortified by 
mathematical researches and outlandish dialectics. This 

circumstance sufficiently bears out Green’s remark that 
each generation requires the question of philosophy to be 
put to it in its own language, and unless they are so 
put, will not be at the pains to understand them. 

1 Mind, 1885. ' • - 
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In the following lines, I confine myself to the 
exposition and critical consideration of that realistic dogma 
which was at the basis of Hume’s scepticism and which 
is the ultimate basis of every realistic or pluralistic 
metaphysics. Indeed to characterize Hume’s philosophy 
as the self-refutation of sensationalism is to miss the 
deeper foundation of sensationalism itself. It was the 
realistic assumption of pre-Kantian empiricism which 
worked itself out in the hands of the Scottish sceptic 
whose failure to make Locke consistent was but an 
indication of the self-contradictory nature of the funda- 
mental realistic dogma. The general impression that 
Hume’s was a sensationalistic philosophy and that Kant 
laid bare the fallacy of the philosophy of abstract feeling 
has had its disastrous consequences. Unconscious of the 
deeper foundation of empiricism, and interpreting Kant’s 
criticism as a mere intellectualistic retort to sensationalistic 
exaggeration, contemporary thinkers are falling victim to 
the same realistic dogma which Hume thought it beyond 
his power to abandon and which Kant found beyond his 
power to accept. This is surely subversive of the real 
object of philosophical activities. My aim therefore is to 
show, in however imperfect a form, that Kant’s answer 
to Hume has thoroughly undermined the only basis upon 
which all forms of realism must ultimately stand, and 
consequently the realistic and empirical philosophies of 
our time, in spite of what value they may possess for 
students of philosophy do not represent a real development 
of thought. If we attempt a brief formulation of the 
imderlying principle of empiricism it will be found to 
consist in the assumption that the “unconnected manifold” 
have a superior reality in comparison to then.’ unity. From 
this assumption follow several others namely, that the 
object is but an assemblage of different sensations held 
together by the arbitrary bonds of association, the self 
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is likewise a bundle of perceptions which may as well 
be conceived as not forming such a bundle, and the 
relation between the object, and the self is purely 
mechanical so that the cognitive relation which brings 
them together has no effect upon their intrinsic natures. 
In all these, the distinctions are emphasized at the ex- 
pense of their unity, and the inevitable result is atomism. 
This atomism expresses itself in various forms in Hume. 
It is not only apparent in his account of the self and 
the world, but is the fundamental thought underlying 
liis conceptions of the criterion of truth, the nature of abstract 
ideas, space and time, no less than his analysis of man’s 
moral nature and political obligation. His method every- 
where is the same. He picks out the momentary as- 
pects of the concrete reality, considers them apart from 
each other, and emphasizes them in their abstract character 
to such an extent as to reduce their relation and unity 
into mere illusions or ‘words without meaning. Hence 
liis injunction that if in philosophy a word is used 
without meaning, the best course to expose it is to ask 
for the impression from which the idea has been derived. 
Nominalism, solipsism, individualism, and scepticism which 
are so characteristic of Hume’s writings are but the 
natural results of this original abstraction. Now, Kant’s 
answer to Hume consists precisely in pointing out the 
error of this abstraction. His transcendental enquiries aim 
at bringing out the conditions of the reality of the 
particulars, those a priori conditions which, though not 
clearly realized by us at every moment of our conscious 
lives, are yet presupposed by the particulars. Thus, in 
the Critique of Pure Reason, his contentions are that 
the manifold are what they are because of their spatial 
and temporal relations which bind them together, the 
object is what it is because of its relation to other objects 
and ultimately to the subject, an event is what it is 
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or account of its relation to another previous event, and 
so on. 

When we come to contemporary philosophy in its 
realistic and empirical forms we find that inspite of the 
gulf that separates these modern thinkers from Locke 
and Hume, they are faithful followers of the latter so 
far as their fundamental tenet is concerned. This tenet is 
essentially that of Locke and Hume ; namely, that all the 
existing things are “distinct existences” having no neces- 
sary relations among them. That is, the fundamental 
assumption of these current philosophical streams is that 
the different beings have substantial existences, and their 
relations are but extrinsic in the sense that they make 

no difference to the terms between which they hold, 

lake Locke’s simple ideas they “cany with them in their 
own nature no visible necessary connections or inconsis- 
tency with any other simple ideas ” 1 The consequences 
of this position in the current philosophy are similar to 
those of the Lockian and the Humian speculations — 
nominalism, solipsism and scepticism. Indeed it requires 
a little careful scrutiny to discover that the whole of 
the pre-Kantian empiricism has been revived in its 

essential respects under the names of pragmatism and 

neo-realism, while, the permanent contributions made to 
philosophy by Kant have been lost in the breathless 
haste for original system-building. It is true that the 
empirical method has been sometimes differently formulated. 
Thus Mr. Alexander points out that the word empirical is 
intended to mean nothing more than the method used in the 
special sciences, it is equivalent to experiential . 1 Similarly, 
Mr W. James identifies it with the natural science method, 
in his preface to the Principles of Psychology. But the 
philosophical contrast between non-empirical or a priori 
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method and the empirical method can be articulated only 
when we formulate the former as (hat which goes from 
the whole to the part, from the unity to the diversity; 
while the latter is described as that which goes from the 
part to the whole, from the diversity to the unity. This 
contrast, is accentuated in several places by James himself, 
when he says that the most pregnant difference between 
empiricism and rationalism is that empiricism means the 
habit of explaining wholes by parts and rationalism means 
the habit of explaining parts by wholes . 1 The difference, 
he points out further on, between monistic idealism and 
radical empiricism leads to a great question of vital 
importance “the question, namely whether all the relations 
with other things, possible to a being, are pre-included in 
its intrinsic nature and enter into its essence, or whether, 
in respect of some of these relations, it can be without 
reference to them.” Empiricism according to him must, 
decide in favour of the latter alternative, because when 
the manuscript is on the desk the relation of being “on” 
does not seem to implicate or involve in any way the inner 
meaning of the manuscript or the inner structure of the 
desk . 1 This externality of relation is the fundamental, and 
from the philosophical stand-point the most important, point 
which unites contemporary realism with pragmatism and 
distinguishes both of them from intellectualism, idealism and 
rationalism. “The theory which the realist, finds used so 
frequently by his opponents” is “the theory of internal 
relations” 'which hold that “the parts or elements are all 
constituted by their relations to all other parts in the 
complex ”. 3 Eealism, on the other hand, must insist 

'cf. Essays in Radical Empiricism, p. 41 ; A Pluralistic Uni- 
verse, p. 7 ; Some Problems of Philosophy, p. 35 ; Preface to Hoffd- 
ing’s Problem of Philosophy. 

2 A Pluralistic Universe, p. 80. 

s Neiv Realism, p. 165. 
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on the theory of the externality of relations and 
recognise that the terms are in no way altered 
by the relations established between them and that the 
entity does not lose its identity by being a constituent of 
differed complexes. This, according to Mr. Russell, is the 
indisputable basis of realism. Thus it is clear that both 
pragmatism and realism look upon the world as a collection 
or aggregate in which all the existents are related to one 
another by the relation of and. This and, says Mr. Russell, 
represents a fundamental way of combining terms 1 . One is 
irresistibly reminded here of Locke’s definition of substances as 
collection of ideas, or Berkley’s conception of the idea entering 
into an external and non-modifying. relation to the percipient 
mind, and finally of Hume’s division of philosophical relations 
into two classes, those that depend entirely on the ideas and 
those that may be changed without any change in the 
ideas. Here in the pre-Kantian empiricism we already find 
traces of the theory of externality of relations, and it 
matters little whether the terms between which the relations 
obtain be called ideas or entities, impressions, or existents, 
sense or character-complexes. 

To put these contentions in a clearer light, we must 
try to ascertain, in a little more definite way, the exact 
nature of the movement which ended with Hume. 

FROM HUME TO KANT. 

The transition from Hume to Kant has been variously 
conceived. Hume is generally believed to have brought 
out the inner implications of sensationalism, and so the 
transition from Hume to Kant is characterised as one from 
sensationalism to intelleetualism. Thus, Green concludes 
his searching criticism of empiricism with the remark that 
“the philosophy based on the abstraction of feeling... was 

1 Principles of Mathematics, p. 71. 
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with Hume played out,” and the next step forward repre- 
sented by Kant and Hegel was “ an effort to re-thi n k the 
process of nature and human action from its true beginning 
in thought”. It is also customary to characterise the 
transition as one from scepticism to criticism, from empiricism 
to rationalism or finally from atomism to transcendentalism. 
These characterisations are of course all true in their own 
ways, but they do not exhaust the manifold feafures of the 
great epoch which Hume terminates, and what is more, 
they do not perhaps accentuate some of the momentous 
characters of that great movement. It does not appear to 
have been sufficiently recognised that underlying the surface 
currents there was another of deeper import and of more 
far-reaching consequences. This deeper movement of thought 
may be adequately described as a movement from realism 
to idealism or from pluralism to monism ; and a closer 
inspection shows that it was not only the philosophy which 
was built upon the abstraction of feeling, but also the realistic 
and the pluralistic philosophies which were played out with 
Hume. The answers which Hume received at the hands of 
Ins German opponent was no doubt directly meant to 
refute the sensationalistie basis of his philosophy. But the 
answer touches far other aspects of Hume’s philosophy of 
which neither the questioner nor the respondent was fully 
conscious. While engaged in drawing the legitimate conse- 
quences of the empirical principles of Locke’s philosophy, 
Hume was unconsciously exposing the deficiencies of a 
realistic and pluralistic metaphysics. Similarly in answering 
the difficulties of a sensationalistie philosophy, Kant was 
unconsciously laying the foundation of an idealistic meta- 
physics and dealing a death blow to pluralism and realism 
alike. 

Locke, Berkeley and Hume are generally known as 
representatives of empiricism and phenomenalism. But 
there was a deeper bond existing between them of which 
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their empiricism or phenomenalism was but a result. This 
was the common realistic foundation of their systems. 
In fact, Berkeley’s system was idealistic only in name 
and aim. It cannot even be said to be what Prof. 
Boyce (sills a half-way idealism, as its fundamental 
assumption was through-and-through realistic. The realistic 
tenet of Berkeley’s pseudo-idealism has worked itself out 
in contemporary realism, which has for its ultimate basis 
an assumption that formed Berkeley’s intellectual heritage; 
but its incompatibility with his system Berkeley never 
detected. This will surely be challenged by the realists 
of our time. For, is it not the very mission of neo- 
realism, they will point out, to prove against Berkeley 
the independence of the experienced on the act of 
experience? Does not Berkeley together with other idea- 
lists commit the Verbal Fallacy of Psycho-physical 
Metonymy ? 1 A negative reply has already been given 
to this. Thus Prof. Alexander 1 and Prof. Dawes Hicks 3 have 
drawn attention to the passage in which Berkeley too makes 
such a distinction. Prof. Laird again, in his b rillian t 

article in the Mind 4 while indicating the numerous 
points of contact between Berkeley and the neo-realists 
goes so far as to declare that “ it would scarcely be 

possible to conceive of a system which, in its intention, 

was more thoroughly realistic than Berkeley’s.” They 
have not however detected a more fundamental relation 
which binds neo-realism with Berkeley’s philosophy, yet 
that is much more vital than anything that has hitherto 
been brought forth. What is this vital agreement? 

Berkeley’s central thesis that . the esse of things is 
their per dpi conceals a theory of independent entities 

\ New Realism , p. 259. 

" The Basis of Realism, %>. 5. 

3 Proceedings of Aristotelian Society , 1911-12. 

*(1916.) 
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which, is indeed the corner-stone of all realistic meta- 
physics. Inspite of what he says about the dependence 
of the tilings upon a percipient mind, the “ideas” and 
the mind perceiving them are supposed to enter into a 
temporary external relation to each other like impervious 
atoms which remain unmodified and uninfluenced by any 
casual relation subsisting between them. Mr. Joachim’s 
description of the realistic view on the cognitive relation 
is instructive in this connection. “Atom on one side 
comes together with atom on the other side; but why 
this atom should be related to that, or indeed any 
atom to any other, is a question which cannot be 
answered. It cannot be answered, for there is no 
rational ground for the relation .” 1 * 3 So long as this position 
is accepted, as a true representation of facts, one is inevitably 
on the realistic basis, and it is immaterial whether those atoms 
are called ideas, impressions, sensa or character-complexes. 
This atomism which was never doubted by Locke, Berkeley 
and Hume made their systems essentially incompatible 
with any form of true idealism. Mr. R. B. Perry then 
is right, over against such pseudo-idealism when he 
says that “ If the idealist’s polemic against realism is 
successful, we are left to conclude that experiencing does 
make a difference to facts. This is as truly the central 
contention of idealism as the contrary is the central contention 
of realism.”* It is only to be added that the contrary 
assumption is also the ultimate foundation of pluralism no 
less than of empiricism, and so a realist has consistently to 
be a pluralist. Thus W. James has to admit on the 
one hand that “ mine is essentially a mosaic philosophy, a 
philosophy of plural facts, like that of Hume and his des- 
cendants”* but on the other hand he finds that ‘‘radical 

1 The Nature of Truth, p. 44. . 

* Neo-Realism, p. 105. 

3 Essays in Radical Empiricism, p. 43, 
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empiricism has in fact more affinites with natural realism 
than with the views of Berkeley or of Mill ” 1 

Hume, inspite of his differences from Locke and 
Berkeley, is one with them, so far as their realistic 

assumption is concerned. In him, however, that assump- 
tion appears in its absolute nakedness, shorn of the 

dogmatic and theological embellishments. The shortest and 
at the same time the clearest statement of Hume’s 

philosophical basis is perhaps to be found in the following 
remarks of his in the section V on the immateriality of 
the soul; “If... any one should evade the difficulty by 
saying that the definition of a substance is something 
which may exist by itself ...I should observe that this 
definition agrees to everything that can possibly be con- 
ceived, and never will serve to distinguish substance from 
accident, or the soul from its perceptions. For, thus I 

reason. Whatever is clearly conceived may exist; and 
whatever is clearly conceived, after any manner, may exist 
after the same manner... Again, everything which is different 
is distinguishable, and everything which is distinguishable is 
separable by the imagination... My conclusion from both is 
that since all our perceptions are different from each other, 
and from everything else of the universe, they are also distinct 
and separable, and may be considered as separately existent, 
and may exist separately, and have no need of anything else, 
to support their existence. They are therefore substances, as 
far as this definition explains a substance .” 1 If we agree to 
make concession to the peculiar way in which Hume states 
his fundamental position, no realist would perhaps find it 
possible to give a clearer exposition of his philosophy within 
the limits of such a few lines as these. It is true that 
one of the vital points of difference between neo-realism 

1 Ibid, p. 76. 

* Treatise, p. 888. . 
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and its older name-sake consists in its protest against the 
substantialism of Locke and Reid. But, for all this, it 
clings to substantialism of the type which Berkeley and 
Hume found so essential to their systems, and while this 
position remains the same there is no reason why their 
conclusions should be reversed. 

There are two more points with regard to which the 
contemporary realists and empiricists have failed to appre- 
ciate Kant’s answer to Hume. The beliefs that reality is a 
creative process, a flux or pure becoming, and that mind 
is one among other finite things holding its place on equal 
terms with them, have found recognition with the majority 
of eminent thinkers of our time. Thus, for example as a 
protest against the indestructible entities of physics, Mr. 
B. Russell insists that “the world of immediate data is 
quite different from this. Nothing is permanent; even the 
things that we think are fairly permanent, such as 
mountains, only become data when we see them, and are not 
immediately given as existing at other moments .” 1 2 Similarly 
Mr. Whitehead urges that the immediate fact for awareness 
is “Nature as an event present for sense-awareness and essen- 
tially passing. There is no holding nature still and looking at 
it ” 1 For the realistic account of mind and its place in reality, 
we need but look at the unambiguous language of Professor 
Alexander: “For realism, mind has no privileged place in 
the democracy of things... Mind again is a form of time, 
because the mind-quality emerges out of the time element like 
all other empirical qualities .” 3 Such passages are strongly 
reminiscent of the favourite tenets of pre-Kantian empiricism. 
The transcendental method of proof, as is well-known; 
was intended to bring out the inherent deficiency of a 
philosophy which sought to construct the house of experience 

l Our knowledge of the External world, p. 104. 

2 The Concept of Nature, p. 14. 

3 Space, Time and Deity, Vol, II, p. 44. 
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out of a mere flux of ideas destitute of inner necessity 
or internal determination, and which regarded mind from 
the psychological point of view as one object among others. 
In fact, it is no violence to Hume’s position to say that his 
was essentially a philosophy of becoming quite as much 
as a philosophy of “ distinct existences If he is never 
tired of insisting that all the particular perceptions “ are 
different, and distinguishable, and separable, from each 
other, and may be separately considered, and may exist 
separately, and have no need of anything to support them 
existence”; he is equally emphatic in his assertion that 
the different perceptions “ succeed each other with an 
inconceivable rapidity, and are in a perpetual flux and 
movement”/ As to the dislodgment of mind from its 
privileged place of autocratic supremacy, Mr. Alexander and 
his followers are but celebrating with clearer consciousness a 
festival for which an elaborate arrangement was made by the 
author of the ‘ Essay concerning Human Understanding ’. 
Postponing the consideration of these aspects of contemporary 
thought, we may revert, for a moment, to that realistic dogma 
which, as suggested above, is the indispensable foundation 
of every realistic metaphysics. 

THE REALS. 

It has been rightly pointed out by the American 
Neo-Realists that the internality of relations and the 
universality of cognition are the grounds of metaphysical 
monism. It does not however appear to have been realised 
by them that the opposite theory, namely the theory of 
the externality of relations bears a close resemblance to 
the Humian principle that all our distinct perceptions 
are distinct existences, and that the mind never perceives 
a real connection among distinct existences. The difficul- 
ties which for Hume were insuperable arose ultimately 

' Treatise, p. 239. 
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from Ms inability to abandon the belief in an unalterable 
impervious atomic existence. Kant’s reply consisted precisely 
in pointing out that the connections, far from being 
external to the atomic existences, entered into their intrinsic 
nature, that each existence possessed a being not in its 
self-seclusion and unrelatedness but in its self-transcendence 
or relatedness to existences beyond itself. This Kant ex- 
pressed by saying that the categories made experience 
possible. Take any single object and think away all the 
connections that hold between itself and other tMngs, and 
that object reduce itself to a non-entity. “The more we 
remove,” says Lotze, “from the conception of Being every 
thought of a relation, in the affirmation of which it might 
consist, the more completely the possibility of tills distinction 
(between Being and non-Being) disappears .” 1 “ To be thus 

void of relation is just that in which we should find the non- 
entity of a thing if it was our purpose to define it.” TMs was 
the ultimate consequence of Kant’s investigation too. Things 
do not exist at first in separation from each other so 
that all connections between them would be mere fortui- 
tous generalizations ; on the contrary, their existence has 
no intelligible meaning except in relation to each other. 
What we call the real existence of the world is constituted 
by the various relations, spatial, temporal, causal etc., sub- 
sisting between things, and each thing is what it is only 
through its relations. To put tMs in the inimitable lan- 
guage of Green, “abstract the many relations from the one 
thing, and there is notMng. They, being many, determine 
or constitute its definite unity. It is not the case that 
it first exists in its unity, and then is brought into various 
relations. Without the relations it would not exist at all”.’ 

It is a further consequence of tMs line of thought 
that there can be no real entity possessed of an intrinsic 

1 Metaphysics, Vol. I.p.39. 

* Proleg, h 28 . 
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nature of its own which is not influenced by the various 
relations into which that entity may enter. All things are 
dependent upon other things in so far as their very nature 
is determined by those mutual relations. The possibility of 
an unalterable entity entering into different relations would 
be intelligible only if the being of that entity did not 
consist in relations ; but once it is admitted that a thing 
is nothing apart from its relations to other things, the 

unalterability of an entity in different groups or relations 
could be maintained only by a manifest, inconsistency. 
Yet, this is just what is implied by the theory of externality 
of relations. Realism, it has been insisted, must reject the 
premise that all relations are internal and recognise that while 
all things may perhaps be related, many of these relations 
are not constitutive or determinative ; they do not enter into 
the explanation of the nature or existence oi their terms. 1 . 
Thus, for example the spatial relation between the book 
and the table is not a constitutive relation, because, as 

Mr. James points out, any book and any table may fall 
into the relation by their casual situation. But then the 
question inevitable arises : how is it that only a table and a 
book can fall into this relation and not certain other things? 
If the relation is a mere coincidence, then there is no rational 
ground why this particular thing should fall into that relation 
with that particular thing. In fact the relation is not 

casual, it is as much the nature of the table to have the 
book upon itself as it is the nature of the book to be 

upon the table, just as it is the nature of the sun to 
warm the stone and the nature of the stone to become 
warm under the sun. To continue this example of Kant’s, 
if the sun sometimes warms this stone and sometimes 
do®' not we should have to say that the sun has 
changed its nature; similarly if the table, sometimes 
supports the book and sometimes does not we should 


1 Neo-Bealism, jp. 33. 
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also grant that the table has undergone a change of 
nature. It is no objection to say that though the table 
lias the possibility of having the book on itself, yet the 
table would remain what it is even if no books were 
ever placed upon it. Because then this remark would 
apply to the sun as well. Both the table and the sun 
might be defined without reference to the book or the 
stone, but what is important to observe in such cases is 
that our definitions are not complete. As our knowledge 
of things increases, many of the relations which were 
formerly supposed to be non-constitutive and non-determi 
native are found to be intimately bound up with the 
nature of that thing. This evidently indicates the arbi- 
trary nature of the distinction between intrinsic and 
extrinsic relations. “That for working purposes,” says Mr. 
F. H. Bradley, “we treat some relations as external 
merely I do not deny, and that of course is not the 
question at issue here. That question is in short whether 
this distinction of internal and external is absolute or is 
but relative, and whether in the end and in principle a 
mere external relation is possible and forced on us by 
the facts... Every space... would be a whole in which the 
parts throughout are interrelated already in every possible 
position, and reciprocally determine one another... And 
from this the conclusion cannot be drawn that the terms 
are inwardly indifferent to their relations ; for the whole 
internal characters of the terms, it seems, goes out, on the 
contrary, and consists in these .” 1 The truth of this remark — 
which substantially reproduces the Kantian account of spatial 
relations — is forced upon us whenever we refuse to look at 
a thing simply as it is and enquire into its possibility. 

It does not appear to have struck any of the 
neo-realists that inspite of their emphatic rejection of 
all mystical metaphysics and adoption of the scientific 

1 Appearance and Reality, p, 5 76. 
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stand-point, their own procedure implies a theory of reals 
which can hardly be distinguished from that of Leibnitz and 
Herbart on the one hand and that of Permenides on the 
other. In their zeal against the internality of relations 
which they consider as one of the grounds of idealism 
they have been led to propound a theory of simple 
entities which are as indefinable and chimerical as the 
absolutely exclusive Many of pluralism or the pure Being 
of mystical universalism. The simple entities, it is urged, 
may enter into this or that group but they do hot belong 
to it, they depend on no relation, they are the entities at 
large and belong exclusively to no constituency. 1 As thus 
described it is difficult to see how these simple entities of the 
neo-realists differ from the “reals” of Herbart in the enjoyment 
of pure “position” void of all relations. Like the pure Being 
of the Eleatic school, each simple entity has a being of its 
own, “substantial and self-dependent, and the difficulty then 
is to drag it out of this state of ontological seclusion 
into the region of empirical reality with its thousand 
relations.” 

These remarks, it may be retorted, do not apply 
to the realistic conception of the independent simple ele- 
ments which are not unrelated to one another. All that 
is claimed is that they do not depend upon those rela- 
tions and “ it is fundamentally characteristic of neo-realism 
to distinguish relation and dependence”. Given two entities 
they will be dependent upon each other only when one 
is a part of the other, or implies the other, or is exclusively 
determined by a system in which it is cause, effect, or impli- 
cation of the other. In the absence of these relations the 
entities retain their independence whatever other relations may 
subsist between them. Now the reply is that this distinction 
between relation and dependence is after all a matter of 
definition and is obtained by a restriction of their application 

1 Neo-Realism, p. 189. 
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to certain definite cases. But the question at issue is not 

whether we should call one set of relations as those of 

dependence and another set of relations as those of inde- 
pendence. The real question is whether there can he any 
relation between two terms which is so external that it 
does not affect the terms in any way. Jt has been said 
that the bare relation between entities is in the great 
majority of cases discovered before any dependence is 
proved. Thus, things may be together in space, may 

succeed one another in time, may be different, more, less, 

whether or not they are whole and part, cause and effect, 
or implier and implied. This position may be conceded 

at once, and yet it may be denied that a thing remains 
what it is whether it is co-existent or successive, more 

or less, in relation to another tiling. In fact if there had 

been no fixed rale according to which one event can only 
succeed but never precede another there would be no 
consciousness of succession at all. To borrow the well- 

known example of Kant, had the relation of succession 
been really external to the nature of the positions of the 

boat moving down stream, so that the relation would make 
no difference to the terms, there could be no knowledge 

of objective succession at all as distinct from co-existence. 
It is not therefore immaterial for the terms which of the 
possible relations subsist between them. The relations, far 
from being extrinsic to the terms are constitutive* so 
that the same term in all its concreteness cannot be in 

different relations. 

We are then left to conclude that the simple entities 
of the neo-realists are existences void of all relations and 
this is the inevitable implication of the assertion that the 
fact of their entering into any relation does not affect 
their independence in the least. If then neo-realism has 
to accept the theory of relationless existences, it is 

subject to those well-known criticisms which Permenides 
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and Leibnitz, Hume and Herbart have received at the 
hands of the idealists from Plato to Hegel, and from 
Kant to Lotze and Koyce. Thus Lotze remarks “In 
reality it is impossible for that to enter into relations 
which was previously unrelated. For a could not enter into 
relations in general At each moment it could only enter 
into the definite relation m towards the definite element 
b, to the exclusion of every other relation u towards the 
same element. There must therefore be some reason in 
operation which in each individual case allows and brings 
about the realisation only of m, not that of a chance u.” 1 
Indeed, Lotze’s elaborate criticism of Herbart’s position — 
which is but a slightly different formulation of Kant’s 
criticism of Hume— is so thorough and convincing that nothing 
but an ineradicable prejudice can account for the revival of 
the realistic theory of pure being in contemporary philosophy. 


3 Metaphysics , Vol Lp. 50.. 
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ON VERTICAL AND HORIZONTAL PRES- 
SURES ON A ROUGH CYCLOIDAL PUL- 
LEY DUE TO THE MOTION OF A HEAVY 
INEXTENSIBLE CHAIN OVER IT. 

BY 

A. 0. BANERJI, M. A. and & K. MUKERJI, B. Sc. 

In a paper entitled “On some interesting results in 
connection with the motion of a heavy inextensible chain over 
a smooth pulley” by Mr. A. C. Banerji, published in the 
Bulletin of the Calcutta Mathematical Society, December 1924, 
total vertical and horizontal thrusts between the chain and 
the pulley were calculated, and it was found out that if the 
chain was made to move with an acceleration equal to one-third 
of gravity with certain initial conditions, the total vertical thrust 
between the chain and the pulley vanished. Again in another 
paper entitled “ On pressure on a rough circular pulley due to the 
motion of a heavy inextensible chain over it,” it was also found 
out that if an acceleration equal to one-third of gravity is impart- 
ed to the chain over a rough circular pulley with suitable initial 
conditions the vertical thrust would vanish. The horizontal 
thrust was there found to be independent of friction, being 
the same in value as in the case of the smooth pulley. 

The object of the present paper is to take a rough 
Cycloidal pulley with vertex, upwards and then to calculate the 
vertical and horizontal thrusts due to the motion of a heavy 
inextensible chain over it. It will be also found that in order 
to make the vertical thrust vanish, it will be necessary to 
impart an acceleration equal to one-third of gravity as before 
with suitable initial conditions. It is interesting to note that 
for vanishing of the vertical thrust, the same acceleration equal 
to one-third of gravity is needed in all the cases. The horizontal 
thrust was also found to be independent of friction. 

We take the equation to the Cycloid to be S=4a siny, 
where S is measured from the vertex B andf is the angle 
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which the tangent at any point P makes with the horizontal 
tangent at B. 

Let A be a marked point on the chain. Let the 
arc BA be S at the instant t. 

Let P be any other point on the chain and let 
AP be V 

Let the element PQ of the chain be A* 

Let L and M be the cusps of the Cycloid, and the 
chain is in contact with the portion LBM of the Cycloid 
whose plane is vertical. 

Let M be the linear density of the chain, which is 
supposed to be constant. 

Let ‘B’ be the reaction per unit length between the 
pulley and the chain at the point P at any instant t. 

Now p =40008^, where ? is the radius of curvature 
at the point P. 

Let T ! be the tension at L, and t 2 the tension at M. 

Let T be the tension at P. 

5 

b 


ON VERTICAL AND HORIZONTAL PRESSURES 


Resolving along the tangent at P, and neglecting 
small quantities o£ the 2nd order we have: — 

(T + AT) cos At—T +mg. A a sin t- m R. A a= m.A' r - v 
or AT +mg. A* sin t — p R. A* ~ mi. A a 

Dividing by A ff and then proceeding to limit we get 

dT 

Tjo- + my sin t — e R - mv (j) 

Resolving along the inward normal at P, and neg- 
lecting small quantities of the 2nd order we have - 

(T + AT) sin A t + mg. A*, cost — R. A<r JOOC-A* 


T + mg eos^. A 0 " — H. A* = — — 7 A 0 " 

p 

Dividing by a* and proceeding to limit we have : — 

— + mg cos — R = mv* (2) 

p p 

From equation (1) and (2) eliminating R we get 

^ +mg (.sinf — e cost ) 

* mv 2 
= mv ~~~im — — 
p 

i y 

p ~ — p T+nigP (sint — ^ cos 1 A ) 

=m/> v — p mv 2 

iiX — pT ~rnP v + mgp{“ cost — sin t ) — p mv 2 
dt 

Substituting for p =4 a cost , we have 
d "T" 

dt T —& amv cm * — v- mv " +4 amg O cos*t — sint cost ). 

Let us now get the tension at the point P. 

t 

F -P-t'Xil/ , • f -at C 

Lt* i — £ — 4 amv V g cos tdt—nmv* d^ 

2 }-£ 3 — . 

2 1 
C t ~»t $ 

+4 amy n \ e cos* $ df — 2 amgC 

J — •£ \ e sin2tdt 

2 J £ 

2 
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1 “ — fl “ip , 

1 6 (- A as# ^ ) I , 2 [“-/* tf'-i * 

L i+.^.. Ji L g J-- : 

2 2 

E p. ^ {~±. COfs 2^+2 s ' in 2 'P )~1 ^ 

" i+4 J -, 




-2 nmg J +2 «/»£/ j d (ftJ l 2! jj2 L2 cos 2 < //) J ^ 

■•• T ^ 


/<“ +4 


^,4 amv f" ~ $ / . *1 

T x e ■> + ] + [e '— /* cos * +**« 'A) + e^T J 


+ mv ' 


[ ^ *-/i] +2 ~f^ j~^(- 


c °s 2^+2 sm2 


-vet* 


i] 

m m f t '0 l> % * * g* m 

Wr*h'B ^ + 2 e 'l] 

Or T= T, ;»+|) + 4 «_[(.„•„ # -, eo , 1()+ ,^ + rtj 


+ W?-> 
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' -r- , 4 amv 

L T,+ TTF 


T -mv\-2 amg + 2 am# J x 

„ f* (>/'+ Jl) 

® 2 


+ Aff »*» * _ 2 (<IW 

+ 6 “?? t " «» 2 # + ^ e _».) 

_ f T, 4 - 4_amy „„ ^ 12 amg 1 

- L 1 1 T i + K o “ my + /* 2 +4 J 2 

+ iS-sm* - l- ^L | gg - ^ -+ mv*-2amg 

A + p 1 -rf* 

+ - sin 2^+2 awfif —jr^j cos 2'r> . 

When ! /'=| we get the tension t, at M. 

t,=(t,+^w+^:) < " +4 ^ 

+mv‘ i — 

= T i 0 a»t + 4 ^ a _ ^ + 1 ^ ^ e^i ^ 

| 12amg / \. 

^ l*+A\ e - 1 / 

When ^ is small so that ^ etc. can be neglected, 
When /» > o 

T , — » [T j+Samw] 

T,-T, =8 amv 

=v x[mass of the chain lying on the 
perimeter of the Cycloid], as in the case of the circular 
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Let us now examine different cases. 

(a) When m — — 

T * > T x 

(So that the ordinary formula in the case of light 
strings holds good even when the string is in motion.) 
When a is small so that ^ etc., can be neglected 

T s » T x (l+j«r) 

(b) When a >o 


(ITT i \ 

-» T x e —mv' 1 I et T —i 1 

/ \ 

I T x — mv* 1 e 


same as 


in the case of a circular pulley. 

When is small 

T 2 > T i (1+ /«r )— mv t P* 

(c) When v=o but v*o i.e. just at the instant when 
the motion begins 


T _ T r 4- 40WW' fe wr+1) + 

‘s * l & t Tit,. 2 


l-H* 


«*.+ 4 


(e^-l) 


W) When v=o but v*o i.e. when the chain is moving 
with uniform velocity 


/wr ,/mt \%amg ^ 

T > = T] e - mv 2 (<?•-!)+ j« a +4 (e -1) 


fl 7 T 


T, will be equal to Tj e , if 

/ 12 qg 

v= V ^+4 

If ^ is so small that a * etc. can be neglected y= */~3ag- 

So in the case of a heavy chain moving over a 
slightly rough Cycloidal pulley of finite dimensions, tension 
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at one end is ee* times the tension at the other end 
provided the chain is moving with a uniform velocity 
equal to V 3 ag . 

Let us now calculate the total vertical pressure 
between the chain and the pulley. 

Vertical pressure 


R ( cos '!'+ /* sin tydp 


R p ( cos f + p sin # )di / 


But R p = T + mg p cos f — mv* from (2) 


{r 

= V 2 (T —mv^+mgp cosf) (cost •\-Psint) dt 
¥ 

Cf- 

= Vl ' T (T—mv 2 +4 amg cos 2 'P) cos {f — e ) df , 


where 8 = tan p 


NowT — mv 2 +4 amg cos 2 $ 


4 amv 


-r- « •*- w tivv 2 , 

T 1 + 1 JLu. 2 -T-MV + 


sin* 


M 2 +4 


4 amv, p cos f , 6 amg P . 9 , 
- i+m s + ~T*+4 sm * 


2 

+ 2 amg. cos 2f+2 amg cos 2 t 


:(T,+ 4 -2»%_W + 

V 1 + fA fl +4 ' * 


+ 4 «^ S m * 


4 ami m o f 

jU? 4- 4 


**+4 
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_A (^ + ~+B V 1+J«* sin ( *-© ) + 6 a '^ sin 2 * 


+ lAm? C0S 2 f’ 

/* 2 +4 


where 


A = T j + _ m ^+ 12 a^ 


1 


B 


4 ami 


•*. F = A V 1 + ^u 2 


J w 


/* s +4 


cos (*A~ @)# 




+g '( 1 +m“) \ sin 2 OA— 0 ) # 


■*“ 6 amgn ^ sin 2^ cos ( e ) ^ 


+ v i±a;i 2 


M a +4 ^ \ cos 2^ cos ( ^ _e ) 

* 2 ~ 


A^I+T^f [f {».«» ( |] 


B 


f(l+r* 2 ) [cos 2 (^-0) 


W 

2 


-ir 

2 


71 

3 amgv Vl+p [ cos (j¥~e) , ;(J3 (^~e)J| 2 


6 Bffl!/ 


fir V a *+1 r 

/w* + 4 L 


sz'j? ( 3 ^~ e ) , • 


+sin (^+6) 


] 


IT 

¥ 

_ 7 T 

2 
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A +1^ § (1+m 4 ) j^cos(»-2©)_cos(’r+2e;J 

_ 3amg p V l-f/r* ["* cos ( ^ — e) — eos( 

^ +4 L 3 

cosi 


+ 


*(|+e)-m (f— e)J 

_l.6 amg v'?"+l f '«*"» f "I — ©)+.«« Pf' + s) 

+ ~7F+T L 3 — + 

sin (| + ®) + sin — © ) J| 

A (e"* +l)+* *”*-$& 

= ( T ’ + ^-^+^)(r + 1) 


, o [I? + 1 

+ 8 amg. 


Approximations : 


(i) If v is small so that p 1 etc., can be neglected 
F= 1+4 amv—mv* + 3 amg') (2+/* 7r ) +2 amg. 


(ii) If <*" 11)0 so that the pulley is smooth 
F 1 1 >2 T , + 8 mav — 2mv*+ 8 amg J 

Let us now examine different cases 
(a) When m i. e., the chain is light 

F ■> T , 1 ) = T , + T , [V T, = T, epw J 

When f* is small 
F *T i (2+ /**• ) 
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(b) When a— — *o , i.e., the pulley is small 

F= (t j — mv*y ( l) 

If f* is small 

F= ( T , — mu 1 ) ( 2 + m») 

H m > 0 

F=2 (Tj-ffl® 1 ) 

(c) When v=o but »*o », e., just at the instant 
when the motion begins. 

If mi , the limiting friction in this case 
(</»), be very small. 

F— *> (t j+4 amv+3 amg) ( 2 -Fah*-) 

+ 2 amg 

When mi — > o 

F — *■ 2 (tj+4 amv -\- 4 amg) 

(d) When v=o but v + o i.e., the chain is 
moving with constant velocity, 

Also m is small. 

F — t{T r -w*+3 amg ) (2+m*) 

+2 amp- 

When m — »o 

F=2 (t 1 —mv*)+Q amg 

(e) When v —o also v =o 

also m is small 

F - » (T , +3 amg) (2+mt) + 2 am,g 

When m • — — > o 
F — » 2T, +8 amg' 

Now in general let us find out when the total 
vertical thrust vanishes, assuming the pulley to be rough 
and of finite dimensions. 
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Consider the equation of motion of the portion 
MN (=as) of the string 


M x v dv 
dx 


zmgx — T a 

t, ;i4a* 
+ »,„■ G-i) 


HA i) 


12 / A C7r \ 


jC47T 


T i e = mx—rnxv ^—7373*- ^ + l/ 


*( r v „\ 12 ^ 

+ >nv \e — 1/ „ 2 4-4 V — 1/ 


Now F vanishes when 

2 arng \ i f* \ 
+ 4 ' v+l/ 

1 + p? 


•(3) 


. 4 ami . . 12 
IT, H — rrrs' — + 


1 +m* 


i.g. when 


+ S s a*ng- &*+ 4=o 


Ti « 


/XTT 


ynv 


2 4 am# 

1 


v ___ 12 amg\ p* 

2 ' ja 2 +4 /« 


fil+L e 


jWTT 


+ 8 amffjjTf, f. 


X + e 


JU-7T 


From equation (3) we have 


mgu; — rnxv 


dv 


4 amvf fj.Tr 


dx 1+ a* 2 


c + 1> + mv ‘ c -i ) 


. 12 amr/ S ^ \ _ , .» 4 amv 12 amg\ 

P ‘ + 4V - 1/ — : {mv ~ i + .jF t ~ if + 4 / 


2 4 amv __ 12 ctmg \ im 

e 
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_ 'L. _ 12a g u _ i) ^ 

- j » 2 +4 le A; + m 2 +4 

/ATT 

8 «<y (!+/»*) g 
(^*+ 4 ) ( 1 +e^ 

f r + 4 a T , „» _ _ ,_ 12 ag 8 og (H-py 
" » nL' + i+VT ” - 9 - ,+ ‘ (--+ 4 ) a+r. 


, 4aflf L 2 (l+^)e 

sx + 7+i l 3 — 


{/# + 


kcig f 3 + g ( l— 2 ^ 8 ) ] 


Now put 


We get 
dv / 


jp , and 


f 3 +/ T _ k 

tS +4 L l+e?*7r -1 


v~ (x + p) + V® = 0 (a? + &) 
da? 

Put X+p = £ . 

Then a?+& .= + 

We have 


v z~ +v 2 = gz g (p~Jc) 
az 

Multiplying by 2z and integrating, we get 
v*z*=-$f-z i -g (p—Jc) 2 * 4-const. 

If p > 3k |||;|1|||| flf 

Then if we have the initial condition that i?=o 

when «=-§■ (p—k) or x =^~~ then the constant is zero 
We get v'*z‘ 1 =% gz % ~g (p—Jc) z* 
or v 2 =f gz-g ( p-k ) 
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Differentiating ''with respect to z again we get 
2 g 

g 

■-iff 


or v 


dz 
dv 
dz * 

dv 
dt ' 


If p < 3 h 

We can take as our initial conditions that v— 
J 2. (3k— p) when z—p or &=o and the constant would 

* O 

be zero and we get as before 



If p> 3 Tc, then in the case of a large rough Cycloidal 
pulley, the vertical thrust between the pulley and the chain 
will vanish if the chain moves with acceleration equal to 
| g, provided the chain starts from rest when the free end 

N is at a depth below the centre of the pulley. 

If y? <31, then in the ease of a large rough pulley, 
the vertical thrust between the chain and the pulley will 
vanish if the chain moves with acceleration equal to one- 

third of gravity provided a velocity equal to ~ — 

be imparted to the chain when the free end N is at M. 
If p=3k, this imparted velocity becomes zero. 

If p. be very small so that / etc. can be neglected, 

p- — »4cs and h >a2— In this case the velocity 


imparted becomes equal to 



and is posi- 


tive when /* is small. 

Now let us consider the case in which a weight 
equal to that of the length l of the chain is attached 
to a free end N.' ; v: I ^ : 
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The equation of motion becomes 

m (a 5+0 j ——mg (x-\-l) — t s , and 
dx 

as before we get 

&v -v'—gz—g (p—k) where z=x+l+p, and 
p and k have the same meaning as before 

v *z* = ~ z 3 —g (p~k) 2 * + const.' 

If p> 3k+2l 

Then if we have the initial condition that v=o when 
z=f (p-k)oT 

then the constant is zero. 

We get ss-^- 2 3 — g ( p—k ) z 1 

or v* = &z-g (p—k) 

Differentiating with respect to z again we get 


dv 


9 L 
3 


If p < 3k+2l, 

We can take as our initial conditions that v 


j \ (3k+2l-p) when z=p+l or x =*o and the 
constant would be zero and we get as before 

dv 


dt 9 


So, if p > 3 k-\-2 l, then in the case of a large rough 
Cycloidal pulley the vertical thrust between the chain, to 
which a weight equal to that of length l is attached to 
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the free end N, and the pulley will vanish if the chain 
moves with acceleration equal to \g, provded the chain 
starts from rest when the free end N is at a depth 

— -- X 2 ' " below the centre of the pulley. 

If jo < 3 £+ 2 l then in the case of a large rough 
Cycloidal pulley the vertical thrust between it and the 
chain to which a weight equal to that of length l is 
attached to the free end 1ST will vanish if the chain moves 
with acceleration equal to one-third of gravity provided a 

velocity equal to J -|-(3 £+2 l-p) be imparted to the 

chain when the free end N is at M. 

If p=3 £+2 l this imparted velocity becomes zero. 
Let us now calculate the total horizontal thrust 
between the chain and the pulley. 

The horizontal thrust 
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H 


a vi+? f 2 ;( 

J —z. ' sin 


df 


+ y(l+/) j 2 «»* (*-e) dp 


, 6 arngn^l 1 +/ 

• a « ^ 


/ 


IT 

2 


sin 2ip sin (p — e) dp 


+ V 1 + (*•' 


• 12 

P *+4 


7T 

/_! 


cos 2 f sin {ip~~e) 


2 r 


A Vl+z a 5 # 


£ <3 ■ /* (t~e)—cos (^ — e) j J 


4* '■g' (l + £t a ) j^-~|w?2 (f— e)J ~ 


, 8 Vi V f . / . v 1 

+ ^4 E L sm (»+e) j 


—7T 

r 


■‘*, 1 V , lt>l Lm ( 3 f-e)l 

M +4 L J _7T 


zsmjliel [ C08 (8t _ e) ] 
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6 amg Vl+/ f cos. (f + e)j_^ 

^ 2 +4 L -g- 

= * « a i yi+7~ C ¥ +7¥) ( /iCOS0 - si " e ) 

1+M* 

+ f (lt,').f ?ajjp ross+ 2J»»l5±£^e 

J v ' ^ 4-4 p +4 

+ 4 amg vT+g 3 ,;« e _ 12,^mg_vi+g . e 

m 2 4*4 ^ Hh 4 

=— ^(i+r)(f‘~»-“ s )+ f - vrf ^ 

+ s_ 22 wVl+t. ^ eos e-«i»e) 

= 2ma xy , substituting for e and B. 

It is interesting to note that the horizontal thrust 
does not explicitly depend on friction, and it is equal to a 
force which would produce the same acceleration v on a 
mass of the chain equal to that of the horizontal projection, 
of the projection LBM of the chain. 

Let us consider the different cases. 

(*) When v =o 

H-0 

i.e. when the motion is uniform the horizontal 
thrust vanishes. 

(ii) When m >o 

II 

(Hi) When «■ >o 

& 




DEPARTMENT OF LAW 



THE CONCEPTION OF MUSLIM MARRIAGE 


BY 

MAHOMED U. S. JUNG, B.A., LL.B , (Cantab.), Bar-at-Law. 

READER IN LAW 

The Muslim jurists have not attempted a precise 
definition of marriage, they speak about the regulation of 
the marriage-tie, about its continuance and dissolution. 

Baillie takes his definition from the Kanz, and the 
Kifayah — “ Marriage is a contract which has for its 
design or object the right of enjoyment, and the procrea- 
tion of children.” 1 

Sir Roland Wilson defines it thus: — “Marriage is 
a contract, for the purpose of legalising sexual intercourse 
and the procreation of children.” 4 

Marriage in its origin is “a contract of natural 
law” and though entirely a personal consensual contract, 
it is not merely a civil contract under the Muslim law. 
The institution of marriage is regarded by our jurists as 
a secular contract partaking of the nature of Ibadat 
(religious rite) 3 ; for the procreation of children, the 
regulation of social life and for the benefit of society. 
Islam considers marriage also as a religious devotion. 
The author of the Darrul Mukhtar observes: 

’Digest p. 4. 

s Anglo-M ahammadan Law p. 94. 

3 Story’s ‘Conflict of Laws’ p. 143. “In many civilised 
countries.. .it has had the sanctions of religion superadded. It 
then becomes a religious, as well as a natural and civil, 
contract ; for it is a great mistake to suppose that because it 
is the one, therefore it may not likewise be the other.” 
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“There is no devotion for 
us which has all along been jUawlja 

recognised from the time of o- w cHS* 

Adam up to the present time. *Wt flU! s*i* 

and will continue even in para- - JU>W) c l£»!3fl 

dise except marriage and faith.” 

The Prophet of God himself declared; 

“ Marriage is my Sunnat, 

and those who do not obey it 1)f K~ ^ flLJlsjl* JjS> 

are not my follower’s. ” - ^ ,^-4? JuU. ^ ^ 

A famous Hadis is reported in Muslim 

“A woman is married owing 
to four qualifications, for her . 

property or nobility of pedigree g>/ 

or beauty, or on account of ~ )**’* 

piety. Ye should marry lor y : ' 
piety.” ' 

According to the Kifayah, marriage has been given 
preference over jehad (religious war), which is a cardinal 
duty of religion. Faith which is the root of all divine 
worship is classified under- 1 the same category as marriage. 

Marriage is regarded by all the jurists, as “ Sunnat 
Muvakida” ; that is, an institution the compliance with which 
is considered as virtuous and a deviation from which is 
regarded as a sin. Sunnat Muvakida is thus defined. — “The 
person who complies with it is rewarded in the next 
world, and he who does not sins.” Hence marriage is a 
religious rite under the Muslim law, although it is in the 
form of a secular transaction and a civil contract. The 
notion of contract is brought into prominence, because it 
it renders facility of divorce, and allows separation of 
parties easily in the eye of the law, whereas the sacra- 
mental aspect would make the marriage-tie indissoluble. 

In the celebrated book Taudih, Marriage is described 
as an institution which has been legalised for manifold 
objects, “such as preservation of the species, the fixing 
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of descent, restraining men from debauchery, the encourage* 
ment of chastity, promotion of love and union between 
the husband and wife, and of mutual help in earning 
livelihood.” : 

Islam provides ample provisions for the repudiation 
and cancellation of marriage 1 . It grants to the husband 
the supreme power of divorce at will ; but it allows the 
wife to contract at the time of the marriage, or thereafter 
to delegate the power of divorce to a third person, or 
reserve it to herself. This is technically known as the 
doctrine of Thafveez-ul-Tulak ; while other 

forms of repudiations effected by mutual agreement and 
on payment of compensation are known, as “mubarat” and 
“khula” respectively. The abuse or recklessness with which 
the right of divorce may be exercised by the husband 
is restricted by threats of divine displeasure. 

The Prophet commanded: 


“ God has not created any- 
thing upon the face of this 
earth which he dislikes more 
than divorce.” 


— jull t>alu! 


Howerver the Holy Koran itself ; sanctioned divorce, 
as a legitimate mode of separation in extreme cases of 
unhappiness and misery. 

Part. n.,ch.n. 

“If they have resolved on s jji y 
a divorce, (then let them.) Allah ' ^ 

is Hearing and Knowing”* 


1 Ameer Ali, Mahommedan Law, VoL II. p. 510. “At 
the time of the Prophet’s appearance, the Hillelite doctrines were 
chiefly in force among the Jewish tribes of Arabia, and repudia- 
tions by the husbands were as common among them as among 
the pagan Arabs.” The restrictions imposed by the Shammaites 
on divorce were hot upheld by the school of Hillel 
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The Roman law of marriage furnishes a unique 
parallel. At Rome, marriage was regarded as a religious 
communion between husband and wife. Modestinus in his 
celebrated definition observed : “ Nuptiac sunt eoniunctio 

mans et feminae, et consortium omnis, vitae divini et humani 
juris communieatio.” (Dig. 23. 2. 1.) 

Modestinus’ words re-echo the reminiscence of the 
primitive practice, as by the time of the Emperor Justinian 
the notion of contractual relation had gained predominance, 
and the Institutes defined marriage thus. 

Lib. I. Tit. 9. 1. 

“Marriage, or matrimony, Nnptiao autem give matrimo- 
is the union of a man and wo- nium est viri et mulieris coni- 
man, carrying with it a mode nnctio, individuam eonsuetudi- 
of life in which they are inse- nem vitae continens. 
parable.” 

Under the Roman law persons who were married 
by confarreatio originally could not be divorced at all and 
according to Gaius a, woman in manus could not divorce 
herself from her husband, but after repudiation could com- 
pel him to release her. 

Gaius. I. 137. 

“A wife subject to manus •■•haec autem virmn 

can no more compel her hus- suura 1 nihilomagis potest cogere, 
band to release her therefrom qnam et filia patrem. Sed filia 
without dissolution of the mar- quidem nullo modo patrem po- 
riage than a daughter can com- test cogere, etiamsi adoptiva sit : 
pel her father to emancipate haec autem virum repudio mis- 
her.” soproindc compellere potest. 

Later on by the time of Domitian the marriage by 
confarrertio was allowed to be disol ved by a religious form 
of divorce called “ diffarreatio,” and the Lex Julia de 


'Ex. Coni. Kruegeri et Huschkii. 
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adulteriis 1 also provided a special form of divorce in the 
presence of seven witnesses. 

The gifted intelligence of the Roman jurists settled 
the conflict, and the popular view was soon upheld, that 
the essence of marriage lay in the “maritalis affeetio,” 

and therefore the continuance of marriage depended upon 
the continuance of the “ISfeetio;” henceforth the marriage 
was permitted to be dissolved at the option of either 
party. If the marriage was cancelled by mutual agree- 
ment it was called divortium and resembles the “ mubarat” 
form of repudiation of the Muslim law, and if by the 
act of one party the Romans called such a divorce repu- 
dium, and it is like the “ khula” divorce of the Muslim law. 

Sir Henry Maine says that the Roman marriage 
was “ the laxest the -western world has seen”. Indeed 
with the freedom of marriage and divorce practically at 
will, it was so. Later Christianity endeavoured to make 
a change. The conception of indissolubility of marriage 
began to operate, and eventually in the eighth century it 
transformed marriage into a simple sacrament: and in 

the reign of Leo III, the Isaurian, an ecclesiastical 

benediction was made essential to a valid solemniza- 
tion of marriage . 1 But for a long time although the 

marriage ceremony was a religious one it continued to 
be treated as a civil contract. Christianity maintained 
that marriage was a sacrament The man and wife were 
made “one flesh” by the act. of Cod, “What, therefore 
God hath joined together let no man put asunder;” 
“quod Deus eonjunxit, homo non separet.” 

’B. C. 17 (Dig. 24. 2. 9.) 

2 Professor Holland (Jurisprudence, p. 295) says — “The 
Christian Church, adopting from Roman law the maxim that 
‘consensus facit matrimonium’ though it stigmatised such marriages 
as irregular, because not made in ‘facie eeclesir’ ; nevertheless 
upheld them as valid till the Council of Trent declared all 
marriages to be void unless made in the presence of a priest 
and witnesses.” ■ 
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The Catholic Church while recognising the validity 
of private contracts, required the performance of a reli- 
gious ceremony, so that the newly wedded parties were 
“ sanctified by the word of God and prayer,” and the 
parties to the marriage were themselves regarded as the 
‘'ministers of the sacrament.” Some have observed, “Matri- 
monii saeramentum non est, nisi ‘quid contractui accessorium 
ab eoque separable, ipsumque saeramentum in una tantum 
nuptiali bendictione situm est .” 1 The notion that marriage 
was a sacred tie naturally made it indissoluble. For the 
separation of the parties the Canon law required the 
decree of nullity, “ annullatio matrimonii,” a judicial fiction 
that it is not the severing of the marriage tie, but a 
solemn affirmation that such marriage never existed at all. 

The Hindu law treats marriage as a sacrament. 
It is a holy union and not a contract. It is a religious 
duty incumbent upon all Hindus. The sacred Hindu 

codes describe marriage as an important “sanskara”, and 

it is declared, to be the last of the ten sanskaras 

necessary for the regeneration of males (of the twice-born 
classes) and for women and for the Sudras marriage is 

the only prescribed sanskara. The Hindu law adheres 
strictly to the sacramental aspect of the union of man 
and woman, and the indissolubility of the marriage tie is 
essential, consequently legal divorce is not known to the 
general Hindu law. 

The laws of Manu provided none. 

“Neither by sale nor by 
repudiation is a wife released * fapgwin 

from her husband ; such we wt' fwfri: n 

know fhe law to be, which the {Some substitute “fiw*’’ for “fww” 
Lord of creatures (Prajapati) 
made of old.” ■ .yjV ' ' 

l . The Encyclopedia Britannica, Vol. XVII, p. 755 (llth 
edition). 
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In Story’s Conflict of Laws, we meet with this 
remarkable observation made by Lord .Robertson. — “The 
contract of marriage is the most important of all human 
transactions. It. is the very basis of the wjiole fabric of 
civilised society. The status of marriage is juris gentium, and 
the foundation of it, like that of all other contracts, rests on 
the consent of parties. But it differs from other contracts, 
in this, that the rights, obligations, or duties arising from 
it are not left entirely to be regulated by the agreements 
of parties, but are, to a certain extent, matters of muni- 
cipal regulation, over which the parties have no control 

by any declaration of their will; unlike other contracts, 

it cannot, in general amongst civilised nations, be dissolved 
by mutual consent, and it subsists in full force even 
although one of the parties should be for ever rendered 
incapable, as in the case of incurable insanity or the 
like, from performing his part of the mutual contract .” 1 

Lord Robertson’s view represents the matrimonial law 
of England of his time, and the principles which he has 
enunciated conflict with the Muslim law of marriage, in- 
asmuch as divorce by mutual consent “ mubarat” and also 
in “khula” form is permissible, and impotency if not 
within the knowledge of the wife, at. the time of the 
marriage, makes the contract voidable, and separation can 
be effected by a judicial decree. 

Further the conception of marriage, as “ the voluntary 
union for life of one man and one woman to the exclu- 
sion of all others” is not applicable in Islam, for the 
Muslim law considers polygamy as lawful. Hence the Mus- 
lim ideas of matrimony are not in harmony with the 
Roman, Christian, or the Hindu conception of marriaga 
Islam differs from all in treating marriage, at the same 

’Story’s ‘Conflict of Laws’ p. 144. 

2 Per Lord Penzance in Hyde V. Hyde and 

Woodmansee, L. E. P. and M. 130. 
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time, as a devotion and a contract. It is a compromise 
between two divergent schools of thought, it falls short of 
the Roman conception of “ free marriage”, predicating the 
legal equality of the married pair in all respects; but it 
rises above the conception of indissolubility of a sacrament. 
Approximating to the Roman “free marriage” is the modern 
progressive conception of matrimony in the United States 
of America. The ancient view that husband and wife are 
one person (according to Blackstone this was the old 
English Common law rule also) is not found in the United 
States. It has been replaced by the Roman conception 
that married parties are two distinct persons. It is equally 
interesting that the Muslim law always acknowledged 
this view, and a Muslim woman has a definite independent 
legal status in the eye of the law. The notion of the 
wife’s separate property and that there was no community 
of goods between husband and wife, is fully recognised 
by the Muslim law. 

In fact, the contractual aspect of marriage is so 
prominent in the Muslim law that it has led some jurists 
to treat it entirely as a civil contract. Mr. Shama Charan 
Sircar, the Tagore law lecturer (1873) says, that “ marriage 
among Muhammadans is not a sacrament, but purely a civil 
contract ; and though it is solemnised generally with recita- 
tion of certain verses from the Koran, yet the Muhammadan 
law does not positively prescribe any service peculiar to 
the occasion.” These observations were accepted by Mr. 
Justice Syed Mahmud in a judgment and he remarked, 
“ According to Muhammadan law, marriage is a civil 
contract, upon the completion of which by proposal and 
acceptance, all the rights and obligations which it creates, 
arise immediately and simultaneously,” 1 and further he 
compared marriage and dower with the contract of sale 
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thus. — “Her right to resist her husband, so long as the 
dower remains unpaid, is analogous to the lien of a vendor 
upon the sold goods, while they remain in his possession 
and so long as the price or any part of it is unpaid, 
and her surrender to her husband resembles the delivery 
of the goods to the vendee.........” 1 . His Lordship’s 

remarks remind one of the ancient customs of marriage 
by purchase and sale — 'rather a backward step. Mr. 
Justice Abdur Rahim has correctly observed that “the 
Muhammadan jurists regard the institution of marriage 
as partaking both of the nature of Tbadat’ or devotional 
acts and ‘muamalat’ or dealings among men” 1 . The 
intimate connection between religion and law, and even 
politics is so interwoven in the Muslim faith that it is 
difficult to draw defined and clear distinctions ; the more 
so when marriage is regarded as the pillar of faith and 
Sunnat Muvakida by all the jurists . 3 The learned of 
the Sunni sect have in some cases considered marriage 
to be a duty, in others obligatory, while in some cases 
abominable and sinful. 

It is customary and obligatory to recite the Surat- 
ul-Fateha (the opening chapter of Koran) at the time of 
the Nikah, and an omission is considered as unorthodox. 
Indeed these ceremonies are signs of solemnity, and as 
under Muhammadan law, an established custom is recognised 
as equivalent to law, it is incorrect to say that an omission to 
recite Koranic verses is of no legal significance ; at least it raises 
a rebuttable presumption as to the validity of marriage . 4 

’. Jurisprudence p. 827. It is similar to Modestinus’ 
vieiv *' divini et humani juris ” (Dig. 28. 2. 1.). 

a . Morley’s Digest Vol. 1 P. clxxxiii. “ The laws of the 
Hindus and Muhammadans are part and parcel of their religion 

3 . 11 P. R. No. 124 Boulnois J. observed the '"'legal 

mode of establishing the status of marriage is connected with 
a religious ceremony .” 18 J. L. J. 118. The Privy Council 
observed that a “ Nikah marriage is a religious ceremony .” 
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Muslim marriage is thus an institution of “Ibadat” 
clothed in the legal form of contract, regulating sexual 
intercourse ; but its continuance is dependent upon the 
maintenance of conjugal affection. It is only in extreme 
cases that a dissolution is effected in harmony with the 
dictates of the Prophet; it also partakes of the nature 
of partnership for economic ends and social co-operation 
for the benefit of uniformity and order in society. 


DEPARTMENT OF CHEMISTRY. 



NEGATIVE CATALYSIS IN OXIDATION 
REACTIONS. 


N. R. DHAE. 

Many examples of the phenomenon of negative cataly- 
sis in oxidation reactions are known from a long time. 
Thenard (Traite. de. Chim. 1 (1816) 236) first observed 
that the oxidation of phosphorus is retarded by the pre- 
sence of certain organic vapours. Graham (Quarterly 
Journal of Science 11 , 1829, 83) was the first to observe 
that alcohol vapour, ether, ethylene, naphtha, turpentine, 
H 2 S etc., protect phosphorus from being acted upon by 
oxygen. Several other workers notably Berthollet, Mit- 
scherlich, Sehonbein, Vant Hoff, (Zeit. Phys. Chem. 16 . 
(1895) 415) Centerszwer, (Zeit. Phys. Chem. 26 (1898) 1) 
Scharf (Zeit. Phys. Chem. 62, (1908) 179) Thrope and 
Tutton (Jour. Chem. Soc. 57 (1890) 550) Weiser and 
Garrison (Jour. Phys. Chem. 25 1921 61; 473) and others 
have observed that vapours of organic substances like 
alcohol, turpentine etc., markedly retard not only the oxi- 
dation of phosphorus by oxygen or air but the oxidation 
of phosphorus trioxide, is also retarded by vapours of organic 
substances. In other words alcohol, turpentine, H 2 S and 
the vapour of other organic substances act as negative 
catalysts in the oxidation of phosphorus by air or oxygen. 

Adrian (Jour. Pharm. Chem. (VI) 18 (1903) 5) ob- 
served that the presence of ethyl alcohol prevents the 
oxidation of chloroform by oxygen or air in light. 

In the oxidation of Na*SO s by oxygen or air many 
negative catalysts are known. The effect of negative cata- 
lysts on the oxidation of Na,SO s was first studied by 
Bigelow (Zeit, Phys. Chem. 26 (1898) 493) who found 
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that the oxidation of the salt in aqueous solution was 
greatly retarded by the presence of minute quantity of 
benzaldehyde, isobutyl alcohol, glycerol, phenol, tartaric acid, 
mannitol, etc. Bigelow also demonstrated that the effect 
of a negative catalyst is not on the rate of solution of 
oxygen but on the rate of the reaction between the sulphite 
and oxygen. A few years later Titofl' substantiated 
Bigelow’s results and in addition studied the simultaneous 
effect produced by CuS0 4 a powerful accelerator and mannitol 
a strong retarder. He found that these two substances 
do not exert any additive effect but influence each other. 
Young (Jour. Amer. Chem. Soe. 28 , (1901) 119; 24 , (1902), 
297) found that small quantities of certain alkaloids, like 
quinine, morphine, brucine, nicotine and substances like 
aniline hydroxide, amine, ammonium salts, KCN etc., also 
greatly retard this oxidation, specially if this solution is 
alkaline. 

The inhebitary effect of sucrose, invert sugar, asparatie 
acid etc., had been observed by Sailland (Zeit. ver. Zueker- 
ind 68 , (1913) 1035). 

In 1912 we conducted some experiments on this 
line and the results were published in 1920 (Dhar, Dutta, 
Bhattacharya, Proe. K. Akad. Wetensch, Amsterdam 33 , 
1920, 300). We determined the velocity of the oxidation of 
Na,SO s in air in presence of various organic substances. We 
were quite surprised to find that the oxidation of Isa, SO 3 
is markedly affected by the quality of water used. Or- 
dinary distilled water was quite inefficient as it contained 
sufficient dissolved salts and gases to affect course of the 
reactions markedly. Consequently freshly prepared conduc- 
tivity water was used in our experiments; in spite of every 
precaution it was found that the velocity co-efficients of 
reaction carried out under identical conditions, but on differ- 
ent days and even on different times of the same day, 
were slightly different. Titoff also made more or less 
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similar observations. From our experiments we find tliat 
cane sugar, lactose, glucose are very strong negative cata- 
lysts in the oxidation of Na 2 S0 s by air. It appears 
probable that the sugars as a class will act as marked 
negative catalysts. It has been found that sparingly soluble 
volatile organic substances like camphor, menthol, etc., have 
marked negative effect whilst naphthalene, anthracene have 
practically no effect. It is rather surprising that weak acids 
like acetic, propionic, caeodylie etc., have comparatively small 
retarding effects ; their sodium salts also exert practically the 
same effect as the acids. On the other hand, comparatively 
stronger acids like oxalic, salicylic, benzoic etc., exert much 
greater retarding effect and their sodium salts too exert the 
same effect as the acids. Moreover it has been observed that 
sodium salts of strong inorganic acids have no marked effect. 
We have observed that hydraquinone has a very marked 
negative effect on this reaction for the same concentrated, 
it exerts the greatest negative effect among the catalysts 
investigated up till now. Consequently during the war 
hydroquinone was used as a preservative in Isa* SO s 
which was sent to places like Mesopotamia, Baghdad 
and other hot countries. Curiously enough the temperature 
co-efficient of the oxidation of Na 2 S0 3 by oxygen unlike 
that of most other heterogeneous reactions is about two 
between the temperature interval of 25° to 35°. It has 
been observed that so long as 1/3 of the substance is 
oxidised the unimoleeular velocity co-efficients remain 
practically constant, but as oxidation proceeds further 
the velocity co-efficient increases rapidly, as the reaction 
is autocatalytic. 

Mathews and his eollegues (Jour. Phys. Chem. 17, 
(1913) 211; Jour. Amer. Chem. Soc. 39 (1917) 635) 
have found that ultraviolet light markedly accelerates the 
oxidation of Na 2 S0 3 by oxygen or air. For this 
photochemical reactions they could not find a positive 
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catalyst. Copper sulphate which is known to be a 
powerful positive catalyst for the dark reaction exerted 
no effect in ultraviolet light. On the other hand, the 
negative catalysts like hydraquinone, phenol, etc exert a 
retarding effect in presence of ultraviolet light, so it 
appears that there exist a very few positive catalysts, 
but very many negative catalysts for this reaction, when 
carried out in light or in dark. The explanation of the 
negative catalystic effect of organic substances advanced 
in our paper is this— “The reaction consists in oxidation 
of SO 3 ions to S0 4 ions, the undissociated portion of 
Na a S0 3 seems to be inactive. It is well known that 

several organic substances form complexes with H 2 S0 s 
and sulphites. Hence it is very likely that substances 
like hydraquinone, cane sugar, grape sugar etc., would 
form complexes with the sulphite ion and would thus 
decrease the concentration of sulphite ion which is 
supposed to be the active substance in this oxidation.” 

In the same paper the insufficiency of Luther’s 
views (Zeit. Phys. Chem. 45, (1903) 662) to explain 
negative catalysis was also pointed out. Luther advanced 
the idea that negative catalysis cannot take place in a 

reaction which is entirely free from positive catalysts, 
and the phenomenon is really due to the destruction or 
otherwise rendering latent of these positive catalysts. 
Titoff is of opinion that the oxidation of Na 2 S0 3 pro- 
ceeds with a measurable velocity in the presence of some 
catalytic agent, say CuS0 4 . Mannitol acts as negative 

catalyst on this reaction. Titoff also studied the combined 
effect of negative and positive catalysts on the rate of 
oxidation of Na 2 S0 3 and from his results he lent 
support to Luther’s view, which seems to be very doubtful 
from the following reasons. According to Luther a 
negative catalyst must have a positive catalyst as its 
counterpart; but this is not probable since there are 
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so few positive catalysts and so many negative catalysts 
in most chemical reactions. 

In previous papers (Dhar. Jour. Chem. Soc. Ill , 
(1917) 707; Annales de ehimie, I have observed that 
manganous salts act as powerful negative catalysts in 
many oxidation reactions notably the oxidation of formic 
and phosphorous acids by chromic acid, oxidation of 
sodium formate by Iodine or AgNO s or IlgCl, oxidation 
of ferrous salts by AgNO s etc. It is well known that 
manganous salts can readily pass into the manganic 
state. 

I have observed that in the oxidation of oxalic 
acid by chromic acid, molybdie acid, boric acid, and 
excess of II, SO* are negative catalysts. Similarly NaNo„ 
NH 4 N0 3 , NaCl, NH*CI, LiCl, MgCl„ Odd,, Or, 
(So 4 )„ ZnS0 4 , CuS0 4 , NiSO*, K,S0 4 , Na,S0*, 

K 2 C 2 0 4 , MgS0 4 , (NH 4 ),S0 4 , NaF etc. ai'e negative 
catalysts whilst only manganous salts K N0 3 , KC1 
are positive catalysts. In the oxidation of formic acid 
by chronic acid manganese salts, K N0 3 , KC1, K,SO*, 
Na NO s , NaCl, Na, S0 4 , NH*N0 3 , NH*C1, (NH*), SO*,. 
Li Cl, ammonium molybdate, ZnB0 4 , CoS0 4 , Co(N0 3 ),, 
Cod,, Li NO,, NaF, Ca(N0 3 )„ CaCl„ Srd.„ Sr(N0 3 ), Ba 
(NO 3 ) 2 , MgCl„ MgSO* are negative cataylsts, whilst 
H 5 S0 4 Cdd„ Cd (No 3 )„ ZnCl, and Zn(NO,), are 
positive catalysts. In the oxidation of sodium formate by 
iodine manganous salts, NaCl, NaBr, KBr, Li(No s ) 
Ba(NOg),, Sr(NO s )„ Mg(S0*), Zn(N0 3 )„ Co(N0 3 )„ 
Co(S0 4 ), NiSO*, NiCl„ Cr, (SO*) 3 eta, are negative cata- 
lysts. Whilst KNO„ KC1, K,S0 4 , NH*NO„ NaNO„ 
Na F, Na, SO* and Cd salts are accelerators. In the oxi- 
dation of H COO Na by mercuric chloride, manganous salts, 
Li NO,, MgSO*, Ba(NO,)„ Sr (NO»)„ Ca (NO,),, 
Zn(N0 3 )„ Co (NO s )„ CoS0 4 , Ni S0 4 , Cr, (S0 4 ) 3 etc., are 
negative catalysts, whilst K NO?., S0 4 , Na N0 3 


274 ALLAHABAD UNIVERSITY JOURNAL 

* 

Na,SO*, C H.COQ Na, and Na F are. positive catalysts. In 
the oxidation of H COO Na by AgNO. only KNO. is 
an accelerator whilst K 2 SO*, NaNO., Na,S0 4 , Na F, 
Li NO. NH*NO„ Ba (NO,),, Sr (NO.),, Ca (NO,),, 
MgSO*, Zn SO*, Cd (SO*) Cd (NO.), etc., are negative 
catalysts. In the oxidation of Fe SO* by iodine an excess 
of H., SO* is a marked negative catalyst while no positive 
catalyst has been found for the above reactions. Conse- 
quently from our experiments we find that the number, 
of negative catalysts are more numerous than the number 
of positive catalysts, thus our results do not support 
Luther’s view about negative catalysts. Whilst investigating 
the mechanism of some induced reactions I was struck 
by the fact, that the velocity of oxidation of Na,SO. 
by air is markedly retarded by the presence of sodium 
arsenite. This observation led to a thorough investigation 
of the phenomenon of negative catalysts from several points 
of view and my results and conclusions were embodied in 
a paper (Dhar. Proct K. Akad. Wetensch, Amsterdam 29 
(1921) 1023) in which I stated that the phenomenon of 
negative catalysis is possible when the catalyst is likely 
to be oxidised. The following lines of arguments were 
advanced in that paper. -N-NCC 

It is well known that a solution of sodium arsenite 
is not oxidised by atmospheric oxygen under ordinary 
conditions. On the other hand a solution of sodium sulphite 
is readily oxidised to sodium sulphate. Now if we mix 
the two together both the oxidations take place simul- 
taneously. At the same time a curious phenomenon takes 
place. The velocity of the oxidation of sodium sulphite 
becomes very small in presence of sodium arsenite, that 
is sodium arsenite which is undergoing a slow oxidation 
acts as a powerful negative catalyst in the oxidation of 
sodium sulphite. Similarly a solution of an oxalate which 
also undergoes slow oxidation in presence of sodium 



NEGATIVE CATALYSIS IN OXIDATION REACTIONS 


275 


sulphite, which itself is being oxidised decreases to a marked 
extent the oxidation of sodium sulphite by atmospheric 
oxygen. It appears probable, therefore, that the phenome- 
non of negative catalysis is possible only when the catalyst 
is liable to be oxidised. These cases are of great impor- 
tance in connection with the controversial question of 
negative catalysis. 

In a previous paper (Jour. Chem. Soc. (1917) 111 , 
707) I have shown that manganous salts act as powerful 
negative catalyst in the oxidation of formic and phosphorous 
acids by chromic acid and manganous salts can easily pass 
into the manganic state. Moreover it has been shown by 
myself as well as by other workers that various organic 
substances notably hydraquinone, brucine etc., act as nega- 
tive catalysts in the oxidation of sodium sulphite by oxygen, 
and all these organic substances are themselves readily 
oxidised. It is well known that the oxidation of 
phosphorous by oxygen of the air is retarded by 

vapours of various organic substances e. g., ether, 
turpentine, alcohol, etc., and the oxidation of chloroform 

is retarded by the presence of a small quantity of 
alcohol. Now all these negative catalysts are good reducing 
agents and are themselves readily oxidised. Hence in 

oxidation reactions, the phenomenon of negative catalysis 
takes place when the catalyst itself is liable to be readily 
oxidised. 

A study of the slower oxidation that takes place at 
ordinary temperatures has not only shown that the process 
of oxidation is complicated by the presence of water but 
the question has been raised that just so much oxygen 

takes part in the induced reactions as combine with the 
substance undergoing oxidation. 

Schonbein (Jour. Proet. Chem. 75 (1858) 99; 

(1894) 93, 25; 105 226, (1868) first noticed that when 
certain substances are undergoing oxidation spontaneously 
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in atmospheric oxygen, one part of oxygen combines directly 
with the substance, undergoing oxidations whilst another 
part of it is converted into ozone H,0* or simultaneously 
oxidises some other substance. Schonbein (loc. cit) still 
further demonstrated that just so much oxygen is rendered 
active as is consumed by the substance which is being- 
oxidised. Hence in all slow oxidations the same amount 
of oxygen is required as . is consumed in the formation of 
H 2 0 2 from water, or is utilised in the induced oxidation. 

Later investigators like Jorissen (Zeit. Phys. Chem. 
(1897), 23 667), Engler and Wild (Ber S3 1901, 1000) have 
verified the law of Schonbein in several cases. If we expose 
a mixture of Na 2 S0 3 and sodium arsenite to atmospheric 
oxygen according to Schonbein (loc. cit), one atom of 
oxygen should go to oxidise Na a S0 3 while the other 
atom would oxidise a molecule of sodium arsenite in the 
same time. The oxidation of sodium * arsenite is a very 
slow chemical change and in order that Schonbein’s law 
be applicable it follows immediately that the oxidation of 
Na* S0 8 which is fairly rapid becomes a slow change 
and the velocity of this oxidation becomes equal to that 
of the oxidation of sodium arsenite, because the same 
amount of oxygen will be taken up by the reducing agents 
in the same time. As a matter of fact from my experi- 
ments I have observed that in presence of sodium arsenite 
or potassium oxalate the velocity of oxidation of sodium 
sulphite becomes very small. We assume that a molecule 
of oxygen splits up in this reaction into two atoms and 
each atom oxidises one of the reducing agents. Now as 
a solution of Na, 80 3 is much more readily oxidised than 
a solution of sodium arsenite it becomes difficult to under- 
stand why the other oxygen atom instead of attacking the 
readily oxidisable unacted Na 2 S0 3 attacks the much more 
difficult oxidisable sodium arsenite, or if we assume that 
at first a peroxide of the type Bodlander’s benzoyl peroxide 
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(Ahrens sam S 470 1899) ) is formed as a combination 
of sodium sulphite with a molecule of oxygen. We are 
still encountered with the same difficulty. In this case 
we will have to assume that this peroxide instead of attack- 
ing the readily oxidisable and unattacked sodium sulphite 
will attack the less readily oxidisable sodium arsenite by 
preference. It seems to me therefore that the only course 
left to us is to find out the explanation on the view of 
the formation of a complex sulphite and arsenite or of 
sulphite and oxalate and that this complex is oxidised as 
a whole. It is well known that complex' oxalates and 
sulphites do exist. Ostwald thinks that in order to explain 
positive catalysis by the hypothesis of intermediate compound 
formation it is necessary to show that the intermediate 
reactions actually take place more readily than the direct 
reactions under the given conditions, because if a reaction 
goes more slowly via the intermediate product than the 
direct part it will take the later and the possibility of 
the formation of intermediate products can have no influ- 
ence on the process; “Hence” adds Ostwald “I see no 
possibility of explaining retarding catalytic influences by 
the intermediate products ” (Nature 1902 65 522). 

I have observed in a previous paper (Proc. Akad. 
Wet. Amsterdam 25, (1920) 299) that the oxidation of 
sulphites and sulphurous acid, the sulphite ion is the active 
agent. If we can decrease the sulphite ion we can decrease the 
chemical change and a solution of sulphurous acid which is 
a weak acid containing few sulphite ions is oxidised less 
readily than a solution of sodium sulphite of the same 
concentration. On the addition of an arsenite to a 

sulphite a complex which itself is oxidised as a whole 

is formed. At the same time the velocity of oxidation 

of the sulphite becomes less due to the decrease in the 
concentration of the sulphite ions arising out of the 
formation of a complex of sulphite and arsenite or of 
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sulphite and oxalate. Here it seems to me that the 
only plausible explanation of this negative catalysis 
stands on the hypothesis of the formation of an 
intermediate complex compound. 

Since the publication of the above results and 
conclusions, several workers have paid attention to the 
problem of negative catalysis. In a series of very 
interesting researches, Moureu and Dufraisse (Comb rend. 
174 ( 1922 ) 258 ; 175 ( 1922 ) 127 ; 176 ( 1923 ) 624 , 

797 , 178 ( 1924 ) 824 , 1397 , 1862 ; 179 ( 1924 ), 237 ) 

have studied the absorption of oxygen by substances 
like benzaldehyde, acrolein, acetaldehyde, propaldehyde, 
chloral, einnamiealdehyde, anisic aldehyde, hydrocinnamic 
aldehyde, furfurol, styrol, essence of turpentine, butter etc., 
in presence of phenol thymol, catechol, resorcinol, pyra- 
gallol, L naphthol, 4 napthol, gallic acid, salicylic aldehyde, 
tannin, ortho-nitrophenol orthoaminophenol, hydroquinone 
etc. They have found that all these substances act as 
negative catalysts in the oxidation of the first group of 

substances by air. They have observed that hydroquinone, 
pyrocatechol, pyrogallol are the best retarders. It is 
well known that these substances are very good reducing 

agents. Moureu and Dufraisse have thrown out the 
suggestion that the biological oxidation in animals and 
plants is possibly retarded and takes place at a desirable 
velocity because of the presence of phenolic substances in 
plants and animals. In plants phenols occur very 
frequently whilst in animals phenols hardly exist and 
that is probably the reason why life in plants and 
vegetables is slower and less intense than in animals, 
as phenols reduce the rate of oxidation by oxygen of 
substances in plants. Moureu and Dufraisse have also 
observed that in the absorption of the oxygen by acrolein, 
allyl iodide, iodo-benzone, ethylene, period ide two iodides 
of benzoylphenylaeetylene are inactive, methyl iodide, 
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ethyl iodide, metheylene iodide, iodoform, carbon tetxa 
iodide, acetylene di-iodide, chloride of iodobenzene, iodobenzne 
iodilobenzene, iodeosin etc., are accelerated in the oxida- 
tion of acrolein by oxygen. The following substances 
act as negative catalysts at first and then after some 
time they behave as positive catalysts. Methyl iodide 
Molar/80 (after few seconds), methylene iodide M/100 
(15 minutes), Iodoform M/100 (20 hours), Carbon 

tetra-odide M/1 00 (after several days), ethylene iodide 
M/100 (8 hours), acelytene iodide M/1000 (18 hours) 

iodol M/1000 (90 hours), benzoyl iodide M/1000 (70 
hours). M/1000 iodosobenzene acetate behaves at first as 
an accelerator and then as a retarder. In this connec- 
tion it will be interesting to note that in a previous 
paper I have observed that H*SO* at moderate 
concentration accelerates and in large excess retards the 
oxidation of oxalic acid by chromic acid (Dhar. Jour. 
Chem. Soc. Ill (1917) 707). Free iodine is at first a 
negative catalyst but after the decolourisation of the 
liquid acts as a positive catalyst. Moureu and Dufraisse 
have come to the conclusion that iodine either in ionic 
condition or in combination with organic substances acts 
as a negative catalyst. It is well known that iodides as 
well as organic iodine compounds can behave as reduc- 
ing agents. Moureu and Dufraisse have suggested that 
the presence of iodine in plants and animals regulates 
the phenomenon of bio-chemical oxidation. It is very 
interesting to observe that in higher animals, which usually 
exist in a medium very poor in iodine content, the iodine 
is more or less concentrated in the thyroid gland which 
is supposed to be the regulator of oxidation in the animal 
body. Moureu and Dufraisse (Comp. Rend. 178, (1924) 824) 
have shown that free iodine acts as a negative catalyst in the 
absorption of oxygen by benaldehyde, furfurol, and bromo 
styrol etc., whilst iodine has been found to be an accelerator in 
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the oxidation of styrol and some oils with oxygen. Iodides 
of potassium, litihium, silver, Ca, Mg, Zn, Hg, ammonium, 
dimethyl ammonium, trimethyl ammonium etc., act as nega- 
tive catalyst in practically all these oxidation reactions. 
The lodophenols also act as negative catalysts. Moureu 
and Dufraisse are of opinion that phenols and iodophenols 
act as negative catalysts and the mechanism of the nega- 
tive catalysts are more or less indentieal. Moureu and 
Dufraisse in their paper, (Comp. rend. 125, (1924) 1862) 
have noted that the catalytic properties of substances as 
far as negative catalysis is concerned is connected with 
the tendency of these substances to be oxidised. As has been 
already emphasised we came to the same conclusion (Dhar. 
Proct. K. Akad. Wetensch 29, (1921) 1023). Moureu and 
Dufraisse have observed that free, sulphur and several of 
its compounds act as marked negative catalysts in several 
of the oxidation reactions. The following results were 
obtained by Moureu and his co-workers (Comp. Rend. 
179, 1924 237). In the absorption of oxygen by 
benzaldehyde the following substances were negative 
catalysts, P 4 S 3 , thio phenol, ethyl, xanthogen anilide, methyl 
xanchogen, amidediphenyldisulphide, potassium ethyl xanthroge- 
nate, diphenyl thiourea, ethyl xanthogenamite, sodium methyl 
and ethyl xanthrogenates. Moreover sulphides of As, 
Sb, Bi, Sn, Na, Zn, Cd, Fe, Ni, Pb, Cu, etc., thio- 
urea, thio sinnamine, thio lactic acid, thio hydracrylic acid, 
ethyl diaxnthogen, ethyl sulphide, methyl sulphide, diethyl- 
sulphide, dimethylsulphide, ethylmereaptan, monothio hydra- 
quinone and its carboxy ethyl esters, thio diglycol, methyl 
xanthogenate of methyl, phenyl sulphide, ethyl disulpho- 
cyanide, sulphocyanate of K, NH 4 guanidine, Na, SO 3 , NH + 
HSOj etc., act also as negative catalysts in the absorp- 
tion of oxygen by benzaldehyde. It is a very curious fact 
that sulphides of Mn and Co act as positive catalysts in 
the oxidation of benzaldehyde by oxygen. With acrolein 
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the following results were obtained ethyl mercaptan, methyl 
and ethyl xanthogenamides, ethyl xanathogenamide, diphenyl 
thio urea, thio lactic acid, thio glycolic acid, thio phenol 
diethyl disulphide, dimethyl sulphide etc., are negative cata- 
lysts. Sulphur P 4 S 3 , Sb 2 S 3 , Mn S, Bi 2 S 3 alkaline xantho- 
genates, potassium ethyl carbonate, diphenyl disulphide etc., 
are without any action, ethyl sulphide, methyl sulphide etc., 
are positive catalysts. With turpentine, sulphur, antimony 
sulphide, Bi 2 S 3 are practically inactive, thio phenol, and 
manganese sulphide are accelerators whilst ethyl xanthoge- 
namide, sodium and potassium ethyl xanthogenates, diethylene 
disulphide etc., are negative catalysts. P 4 S 3 is at first 
a positive catalyst and then it becomes a negative cata- 
lyst. With styrol, P 4 S 3 , thiophenol, ethylmercaptan, antimony 
sulphide etc., are negative catalysts. Sulphur is inactive 
whilst ethyl xanthogenamide, potassium ethyl xanthogenate, 
diethylene disulphide, sodium ethyl xanthogenate, manganese 
sulphide etc., are negative catalysts. In the oxidation of 
sodium sulphide containing Na 2 CG 3 the following results are 
obtained. Thio phenol, sodium methyl xanthogenate, sodium 
and potassium ethyl xanthogenates, sulphur, sodium sulphide, 
P 4 S 3 diethyl disulphide, sodium thio sulphate, ethyl xantho- 
genamide, manganese sulphide (green), Sb 2 S 3 , thiourea etc., 
have been found to be negative catalysts, whilst sodium hyposul- 
phide, copper sulphide, sodium and ammonium thio-cynate, 
manganese sulphide (rose) etc., are positive catalysts ; when the 
sodium sulphite solution is neutralised using phenolphthalein 
as an indicator the following results are obtained in its 
oxidation by oxygen in presence of various catalysts. Sodium 
methyl xanthogenates, sodium sulphide, thio phenol, sodium 
thiosulphate, thio urea, potassium and sodium ethyl xantho 
genates etc., are negative catalysts. Whilst Bi 2 S 3 , Sb 2 S 3 , 
sodium hyposulphide, ammonium thio cyanate, green and red 
sulphide of manganese sulphur, potassium sulphocyanate, ethyl 

xanthogenamide, diethylene disulphide are positive catalysts. 

36 
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It is practically impossible, to explain from a single 
point of view satisfactorily all these diverse experimental 
results obtained by Moureu and his coworkers; but one 
thing is absolutely certain that majority of the substances 
investigated are negative catalysts in the absorption of oxygen 
by substances like benzaldehyde, turpentine, acrolein etc., 
and these negative catalysts are known to be good reducing 
agents. Kecently Lifsc’nlitz and Kalberar (Zeit. Phys. Chem. 
102, 1922 393) have shown that ether retards the slow 
oxidation of magnesium alkyl halides of the Grignard type, 
and this oxidation is revealed by luminescence on expossure 
of substances to air. Delepine (Compt. rend. 174 (1922) 
1291) has shown that in the oxidation of several organic 
sulphur compounds, luminescence is observed and these 
substances themselves and other sulphur compounds can 
act as negative catalysts in their oxidation by air. In 
this connection it will be interesting to note the following 
•observation of negative catalysis caused by sulphur com- 
pounds. As early as 1797 Berthollet observed that the 
luminescence of phophorus is hindered by traces of 
sulphurous vapours. Davy in 1817 observed that traces 
of BUS retard the inflamation of a mixture of hydrogen 
and oxygen. Young (loc. cit) has observed that sulphur 

and hydrogen sulphide are positive catalysts in the 
oxidation of stannous salts by air. On the other hand, others 
have found that thio-urea and its salts, sodium hyposulphite, 
bisulphite of aldehyde act as negative catalysts in the 

oxidation of stannous salts by air. 

It has also been shown that oxidation of India rubber is 
retarded during vulcanisation when a little sodium hyposulphite 
or Na a 80 s is added to the rubber. Moreover acetyl 

thio urea prevents fatty substances from being rancid and 
H s S 0 3 makes the solution of adrenaline stable. We have 
observed in a, previous paper (Mittra & Dhar Zeit. 

Anorg. Chem. 122, (1922) 146) that sodium thio sulphate 
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retards the oxidation of NajS0 3 . It has also been 
observed that traces of sulphur retard the oxidation of 
paraffin by oxygen at a temperature of 135°C. It is 
evident from the foregoing results that all these negative 
catalysts in oxidation reactions are typical reducing agents. 

It is believed that nitrous acid decomposes according 
to the following equation : — 

3 HN0 2 ^HN0 3 + 2N0+H,0. 

We axe determining the velocity of this reaction in 
presence of different catalysts. We observe that the 
velocity of litis reaction is greatly retarded in presence 
of glucose maltose, cane sugar, glycerol, etc. The 
decomposition of nitrous acid is really caused by the 
oxidation of some molecules of nitrous acid, to nitric 
acid and the reduction of certain other molecules to 
nitric oxide. Hence this is a case of auto-oxidation and 
reduction taking place simultaneously. 

Consequently reducing agents like cane sugar, glucose, 
maltose, glycerol, etc., act as negative catalysts in this 
reaction involving auto-oxidation and reduction. 

It is well known that phosphorous acid decomposes 
according to the following equation: 

4 h 3 po 3 =3 

Similarly hypophosphorous acid decomposes according 
to the equation: 

2 H 3 P0 i =H s P0 4 +PH 3 . 

It appears probably that in these reactions involving 
auto-oxidation and reduction, reducing agents like sugars, 
glycerole etc., would be negative catalysts. 

Consequently the experimental work available on 
negative catalysis has amply verified the accuracy of our state- 
ment that negative catalyst is readily oxidised. It has already 
been remarked that in our previous publication (loc. eit) 
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I have observed that the explanation of negative catalysis 
in the oxidation of Na 2 SO s in presence of sodium 
oxalate rests on the formation of a complex of sulphite and 
arsenite or of sulphite and oxalate, and this complex is 
oxidised as a whole. I am still of the opinion that this view 
satisfactorily explains at least qualitatively most of the 
phenomenon of negative catalysis hitherto investigated. In 
all these reactions oxygen is being slowly absorbed by the 
reducing agents e. g. benzaldehyde, sodium sulphite, acrolein 
etc. Now as these reactions are rather slow, it is certain that 
a very small amount of the reducing agents can combine 
with oxygen in a definite time and it seems certain that 
the negative catalyst, even when added in small quantities, 
is in sufficient quantity to combine and form a complex 
substance with the greater amount of the reducing agents 
in the reactive state ; and that is why only traces of 
substances like hydraquinone, P 4 S 3 , sulphur, mannitol, 
lactose etc., are sufficient to markedly retard the oxidation 
of benzaldehyde, Na 2 SO s etc., by air. In foregoing papers 
I have observed that traces of manganous sulphate markedly 
retard the oxidation of formic acid, phosphorous acid etc., 
by chromic acid. The oxidation of these acids by chromic 
acid are slow chemical changes. Consequently it seems certain 
that only a few molecules of formic acid or phosphorous 
acid are combining with chromic acid in a certain time. 
Hence very few molecules of manganous sulphate would 
be enough to combine with the reacting molecules of phos- 
phorous acid or formic acid and would affect the velocity 
of reaction. Similarly we have observed that traces of glucose, 
lactose, cane sugar etc., are sufficient to retard appreciably 
the velocity of oxidation of Na 2 S0 3 by oxygen, conse- 
quently it seems very likely that the molecules of these 
negative catalysts combine with the reactive or active 
molecules of the reducing agents e. g. Na 2 SO a, benzalde- 
hyde, acrolein etc., and form molecular complexes, 
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In a recent paper (Dhar. Jour. Phys. Chem. 28, 
(1924) 948) I have advanced an explanation of induced 
reactions based on the generation of ions in slow reactions. 
It is well known that ions are generated in the oxidation 
of phosphorous. It is very likely that these ions can 
activate molecules of oxygen, which thus become reactive, 
and induce chemical changes which are not possible with 
molecular oxygen. Let us also consider the case of sodium 
sulphite and sodium arsenite when exposed to air. If the 
spontaneous oxidation of Na 2 S0 3 by air or oxygen can 
generate ions these ions will activate the molecules of 
oxygen which then react with molecules of sodium arsenite. 
As the activated molecules of oxygen contain an excess 
of energy, they would readily combine with substances 
like sodium arsenite, oxalic acid etc., with which molecular 
oxygen cannot combine at the ordinary temperature. We 
know that Na 2 S0 3 readily combines with molecular oxygen 
but activated molecules of oxygen would hardly differentiate 
between a molecule of Na 2 SO s and of sodium arsenite 
because of their increased energy. Consequently an activat- 
ed molecule of oxygen would be practically as good an 
oxidising agent towards Na 2 S0 s as towards sodium arsenite. 

In the paper already referred to (Dhar. Proc, K. 
Akad. Wetensch. Amsterdam 29, (1921), 1028) I remarked. 

“Now as a solution of Na 2 BO s is much more readily 
oxidised than a solution of sodium arsenite it becomes 
difficult to understand why the other oxygen atom instead of 
attacking the readily oxidisable unattacked Na 2 S0 3 prefers to 
react with the more difficulty oxidisable sodium arsenite. Or if 
we assume that a peroxide of the type of Bodlander’s benzoyl 
peroxide is formed as a combination of NaS 2 0 3 with a 
molecule of oxygen, we are still encountered with the 
same difficulty. In this case we shall have to assume 
that this peroxide, instead of attacking the readily oxidisable 
Na_S0 2 will react with the less readily oxidisable sodium 
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arsenite by preference”. These difficulties can be easify 
met from the point of view of the activation of oxygen 
molecules due to the generation of ions in the spontaneous 
oxidation of sodium sulphite by oxygen. It has been 
already emphasised that the ions generated in the 
spontaneous oxidation of substances like phosphorous, 
sodium sulphite etc., can activate molecules of oxygen 
which thus become reactive and induce chemical changes 
which are not possible with molecular oxygen. Consequently 
with activated oxygen because of its extra amount of 
energy, sodium arsenite is practically just as good a 
reducing agent as sodium sulphite. Consequently in 
presence of sodium sulphite, sodium arsenite can be 

oxidised by atmospheric oxygen and the greater the 
quantity of Na 4 S0 3 the greater will be the amount of 
oxidation of sodium arsenite. 

Moureu and Dufraisse explain the anticatalytie 

action of substances like hydroquinone, pyrogallol etc., 
on the absorption of oxygen by benzeldehyde, acrolein, 
sodium sulphite etc., on the hypothesis of mutual des- 

tructions of peroxides. It is well known that hydrogen 
peroxide is decomposed by 0 3 , MnO*, PhO s , KMn0 4 , 
HIOu periodic acid etc. Moureu and Dufraisse assume 
that a molecule of oxygen at first combines with a 
molecule of benzaldehyde and forms a peroxide. At the 
same time it has been assumed that a molecule of 
oxygen can combine with a molecule of the negative 

catalyst and would form a peroxide. Now these peroxides 
would destroy each other with the formation of the original 
substances and oxygen. 

A (benzaldehyde) +0 4 *A0 4 ,B (negative catalyst) 

+0, — -»Bo 4 

A0 4 -}-B0 4 — A+B+ 2 O 2 
or A+Oj=AO a , A0 4 +B=A0+B0=A+B+0 4 
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They have observed that in positive catalysis the 
following reaction takes place 

BO+A= AO+B, where AO is a stable oxide. 
Hence BO can be formed directly at the expense ■ of B 
and oxygen or by the action of A0 2 on B. Now if 
the compound BO act more readily on A we have a 
case of positive catalysis but if BO acts more readily 
on AO we have a case of negative catalysis. 

Moureu and Dufraisse have observed that free 
sulphur is a negative catalyst in the oxidation of benzaldehyde 
by oxygen. We know that benzaldehyde can form a 
peroxide with oxygen. In order to explain this negative 
catalysis according to Moureu and Dufraisse we have to 
assume that either a molecule of oxygen also react with 
sulphur forming a peroxide and this peroxide would react 
with the peroxide of benzaldehyde with the regeneration of 
benzaldehyde, sulphur and oxygen, or we have to assume that 
the peroxide of benzaldehyde will react on sulphur with the 
formation of benzoic acid and an oxide of sulphur and oxygen. 
From our chemical experience we know that these changes are 
rather unlikely. From a careful consideration of this case and 
other cases of negative catalysis I am of the opinion that the 
hypothesis of Moureu and Dufraisse as an explanation of 
negative catalysis based on the mutual destruction of two 
peroxides seems importable and far-fetched. 

We have observed that sulphur can be oxidised to 
HjSOt by air in presence of yellow phosphorus, cuprous 
oxide etc., which are undergoing oxidation. 

Recently Jorissen and co-workers (Rec. Trav. Chimique 
42. (1923) 855 ; 43, (1924), 582) have discussed some 
cases of induced reactions and activation of oxygen; they 
have observed that in presence of sodium sulphite, sodium 
antimonite can be oxidised by atmospheric oxygen. Jorissen 
has also discussed the researches of Moureu and Dufraisse 
in their relation to induced oxidations. 
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As far as I know I was the first to observe the pheno- 
menon of negative catalysis in induced reactions and I was 
the first to make the following observations (Dhar. Proc. 
K. Akad Wetensch Amsterdam, 39, (1921) 1028) “Now 
if we mix sodium arsenite and sodium sulphite together, 
both the oxidation take place simultaneously. At the same 
time a curious phenomenon takes place. The velocity of 
the oxidation of Na 2 So 3 becomes very small in presence 
of sodium arsenite, that is sodium arsenite which is 
undergoing a slow oxidation acts as a powerful negative 
catalyst in the oxidation of sodium sulphite. Similarly 
a solution of an oxalate which also undergoes slow 
oxidation in presence of Na 2 So 3 , which itself is being 

oxidised decreases to a marked extent the oxidations of 
Na 2 So 3 by atmospheric oxygen.” In the same paper I 
remarked: “Later investigators like Jorissen (Zeit. Phys. 
Chem. 33 (1897) 667) Engler and Wild (Ber 33 (1900) 
1090, 1097, 1109) and others have verified the law of 
Sehonbein in several cases. If we expose a mixture of 
Na 2 So 3 and sodium arsenite to atmospheric oxygen according 
to Sehonbein (Loc cit) one atom of oxygen should go to 
oxidise Na 2 So 3 while the other atom would oxidise a 
molecule of sodium arsenite, in the same time. The 
oxidation of sodium arsenite is a very slow chemical 

change and in order that Schonbein’s law be applicable 
it follows immediately that the oxidation of Na 2 S0 3 which 

is fairly rapid becomes a slow change and the velocity of 

this oxidation becomes equal to that of oxidation of 
sodium arsenite, because the same amount of oxygen will 
be taken up by the reducing agents in the same time”. 
From the foregoing quotations it is clear therefore that 
the phenomenon of negative catalysis in induced reactions 
was first reported by me. What Jorissen, Engler, and 
Wild, and others did was to find out whether Schonbein’s 
law is applicable to these oxidations or not. Jorissen 
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(Loc eit) has drawn attention to the formation of a peroxide 
of benzoyl acetyl in the oxidation of benzaldehyde and acetic 
anhydride in air or oxygen according to the following 
equation : — 

2C 6 HsCOH-j- (CH 3 CO) a O + 20, »H,0+2 

(C„H S CO) (CH S CO) O, 

In this induced oxidation of acetic anhydride there 
is distinct evidence of the formation of a molecular complex 
of a acetic anhydride and benzaldehyde and this complex 
is oxidised as a whole. We have already postulated the 
formation of a complex of arsenite and sulphite and we 
have assumed that this complex of arsenite and sulphite 
is oxidised as a whole when oxygen reacts with a mixture 
of sodium sulphite and sodium arsenite. We have already 
mentioned that we have been able to oxidise free sulphur 
into H,S0 4 when it is mixed with yellow phosphorus, 
cuprous oxide etc. and that Moureu and Dufraisse have 
reported that sulphur is a good anticatalyst. It seems 
very likely therefore that in many of these reactions the 
negative catalyst like sulphur, hydro-quinone etc, are actually 
oxidised in presence of the reducing agents like benzaldehyde 
Na,S0 3 etc., which are also undergoing oxidation. We 
have already observed that the oxidation of substances 
like sulphur, sodium arsenite, hydro-quinone etc., is possible 
with molecular oxygen under ordinary conditions but with 
activated molecules of oxygen rendered reactive by the 
absorption of ions generated in the spontaneous oxidation 
of substances like sodium sulphite benzaldehyde etc. Moreover 
in many eases the negative catalyst form additive com- 
pounds with one of the reacting substances, especially with 
reducing agents e.g. sodium sulphite, benzaldehyde, acrolein, 
turpentine etc., and this molecular complex is oxidised as a 
whole, consequently I am of opinion that in many cases the 
phenomenon of negative catalysis, induced oxidation and 
37 
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the formation of molecular complexes would be essentially 
connected. 

Keeently Taylor (Jour. Phys. Chem. 27 . (1923) 
322) has discussed the question of negative catalysis and 
has come to the conclusion that molecular complexes are 
formed in the decomposition of oxalic acid by H* SO* in 
presence of traces of water. He has also postulated the 
formation of molecular complexes in other cases of negative 
catalysis. On the other hand Christiansen (Jour. Phys. 
Chem. 28 (1924) 145) does not support the formation 
of molecular compounds. He has tried to explain negative 
catalysis on the hypothesis of breaking of a chain of 
the reacting substances. (Compare Bodenstein Zeit elek- 
trochem 22 , (1916) 63) and Nernst Grand lagen des 
Neuen Warmesatzes 1918 134) I am of opinion that 
this conception of Christiansen is inadequate and there 
is no experimental support in its favour. 

Summary. 

1. In the oxidations of phosphorus, chloroform, sulphites, 
stannous salts, benzaldehyde, acrolein, and several other reducing 
agents by oxygen or air, readily oxidizable substances like 
hydroquinone, sugars, glycerol, sodium arsenite, several organic 
substances etc., act as negative catalysts. Similarly in many 
oxidation reactions, reducing agents behave as retarders. These 
results were coordinated by the present author in a paper 
published in 1921, in which it was observed that the pheno- 
menon of negative catalysis in oxidation reactions, is possible 
when the catalyst is liable to be readily oxidized. 

In this paper this conclusion has been amplified. 

2. The decomposition of nitrous acid (2 HN0 2 HNO s 

+2 NO+H s O ) is retarded by reducing agents like cane 

sugar, glucose, glycerol etc. Similarly it seems very probable 
that the decompositions of phosphorus and hypophosphorus 
acids would be retarded by readily oxidizable substances. 

3. Many cases of negative catalysis were explained in the 
paper already referred to from this point of view of the 
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formation of molecular complexes of the catalyst, and the substance 
which is undergoing oxidation. This view it supported by the 
researches of other workers. 

It is very likely that the phenomena of negative catalysis, 
induced reaction and the formation of molecular complexes are 
essentially connected. 




STUDIES IN ADSORPTION 

Influence of ions carrying the same charge on 
(a) coagulation of diluted sols ( b ) coagulation by mixed 
electrolytes and (c) acclimatization. 

; ...» S. GHOSH and N. R. DHAR. 

In foregoing papers of this series [Jour. Phys. 
Chem. 26, 701 (1922) ; 28, 813 (1924); Koll Zeit (1924)] 
we have studied the influence of the change of concentra- 
tion of a sol on its coagulation by electrolytes. We enun- 
ciated the general dilution rule that the greater the 
concentration of a sol, the greater is the amount of 
electrolyte necessary for coagulation irrespective of the 
valency of the precipitating ion. Sulphides of arsenic and 
antimony are exceptions to the above rule when precipi- 
tated with univalent electrolytes. It has been observed 
that the coagulation of these sulphide sols by bivalent 
and trivalent cations practically follow the general rule 
that the greater the concentration of the sol the greater 
is the amount of electrolyte necessary for coagulation. 
This general dilution rule has been found applicable to 
manganese dioxide sol, positively and negatively charged 
ferric hydroxide, positive and negative chromium hydroxide, 
Prussian blue, Al(OH) 5 suspended in organic acids etc. 
In this paper it will be found that this rule is valid with 
negative stannic hydroxide. In our attempt to explain 
the abnormal behaviour of As 2 Ss, :Sb,S 3 — sols on 
dilution in their coagulation by univalent salts, we have 
established the following facts 

(1) We have proved that it is impossible to 
prepare a pure arsenious sulphide sol. Arsenious sulphide 
is readily hydrolysed according to the following equation 
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AS,S ! +3H 1 O^AS 3 O j +BH 1 S. As soon as the sol of 
arsenious sulphide is freed from H„S by passing hydrogen, 
some arsenious acid is immediately set free; hence it is 
not practicable to prepare a pure sol of arsenious sulphide. 
It has been repeatedly observed that when all free H a S 
is removed from a sol of AS,S 3 appreciable amount of 
arsenious acid is always present along with the arsenious 
sulphide, the free arsenious acid can be detected by 
coagulating the colloid and testing for arsenious acid 
in the clear filtrate. The amount of arsenious acid increases 
with the time during which hydrogen is passed. The 
amount of arsenious acid also goes on increasing if the 
sol is kept at the ordinary temperature. If hydrogen is 
bubbled for about three or four hours in freshly coagu- 
lated, well washed arsenious sulphide suspended in water, 
appreciable amount of arsenious acid appears in the 
filtrate. Hence the sols of arsenious sulphide always con- 
tain free arsenious acid. 

(2) We have also proved that free arsenious acid 
has a coagulating effect, whilst free HiS has a stabilising 
effect on arsenious sulphide sol in its coagulation by 
univalent cations. We have also proved that in equivalent 
concentrations, H*S exerts more influence as a peptising 
agent than arsenious acid as a coagulating agent, towards 
arsenious sulphide sol when it is coagulated by potassium 
chloride. When arsenious sulphide sol is diluted, more 
and more of free H,S and arsenious acid are formed. 
As will be seen in the equation, the amount of H,S set 
free by hydrolysis of AS,S s is greater than the amount 
of arsenious acid liberated, when the concentrations of 
both H*S and arsenious acid are expressed iodometrically. 
The H,S set free tries to peptise the unhydrolysed 
arsenious sulphide whilst the arsenious acid tries to 
coagulate the sol. The net effect of these opposing 
influences is that the sol is really stabilised on dilution 
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because the influence of H 2 S which is a product, of the 
hydrolysis more than counterbalances the coagulating in- 
fluence of arsenious acid. Hence dilution according to 
these results should stabilise arsenious sulphide sol towards 
potassium chloride and the experimental results are in 
support of this conclusion. On the other hand, from our 
experimental results we find that arsenious sulphide sol 
is not stabilised but becomes unstable by the presence 
of H»S when eoagualted by bivalent and trivalent electrolytes. 
Consequently when the sol is diluted and is hydrolysed 
more and more, it becomes more unstable than the 
concentrated sol towards bivalent and trivalent cations. 
Hence the dilute sol would require less bivalent and 
trivalent electrolytes for coagulation than the concen- 
trated one and experimental results are in favour of this 
conclusion. 

(3) We have proved that negatively charged hy- 
drated manganese dioxide not only adsorbs cations but it 
also adsorbs appreciable quantities of anions and hydroxide 
ions. We have also proved that barium suphate in the 
course of its formation leaves the basic part, free, but it also 
adsorbs the positive ions as the following experimental 
results will show : — 

Table I. 


Electrolyte. 

Original cone, 
of cation. 

Final cone, 
of cation. 

% adsorption. 

KOI 

01038 M 

01032 M 

01 % 

K 3 C 2 0* 

G'06894 M 

0'06753 M 

2'0 % 

KB.0 3 

0'09400 M 

0*09336 M 

0‘6 % 

Nb. 3 AsO 3 

0'08833 M 

0-08532 M 

3’7 % 


In a foregoing paper (Ben and I>har Koll. Zeit. 34, 
262 1924) it has been observed that C S0" 4 , C»0 /, 4 

ions etc., are adsorbed by arsenious sulphide when it is 
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coagulated by KC1, K 4 S0 4 , K 2 C 2 0 4 etc. In another 
paper (Ghosh and Dhar Koll. Ziet. 1924) the following 
quantitative experiment has been made with KC1 and 
ASiSj sol. 

Adsorption of potassium and chiorine ions 

Amount of As 2 S 3 =0'4508 grm. and volume=100 ee. 

Original concentration. Final concentration. Adsorption. 

0-05997 • Cl' 0-05900 Cl' 1*6 % 

0-05997 K‘ 0-05790 K' 3‘3 % 

Hence the ratio of adsorption of potassium ion to 
that of chloride ion is 2*06. 

(4) In a foregoing paper [Dhar, Sen and Ghosh 
Jour. Phys. Chem. 28, 457, (1924)] it has been proved that 
the real interpretation of the Schulze-Hardy Law is that the 
greater the valency of an ion, the less is the adsoiption, 
and this is also corroborated by the experimental results 
obtained by us as well as by other workers. 

The exceptional cases have been explained on the 
view that the neutralised particles can absorb the preci- 

pitating electrolyte. 

There is another plausible view which also can 

explain the exceptional cases. Let us consider the coagu- 
lation of positively charged Fe(OH) 3 by K 4 C 2 0 4 and 
K*Cr 4 0 T [Compare Weiseiy Jour. Phys. Chem. 25, 399 
(1921).]. It. is observed that the precipitation value and 
the amount of adsorption of the oxalate ion . are much 
greater than those of the dichromate ion. It is likely 

that the sol will adsorb more of the positive ion in one 
case than in the other. 

Experiments on the precipitation of barium sulphate 
already noted in presence of potassium chloride and of 
oxalate show that the adsorption of exalate ion is much 
greater than that of chloride ion (12% with oxalate and 
2% with chloride at the same molecular concentration) 
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though according to the Schulze-Hardy Law it should 
be otherwise. We have found out that along with the 
adsorption of oxalate ion by barium sulphate, appreciable 
quantities of potassium ion is also adsorbed. The posi- 
tively charged substance, barium sulphate can adsorb 
potassium ions and hence more of the oxalate ion would 
be necessary for its charge neutralisation and precipita- 
tion. 

(5) When IvCl is added to As a S s sol, it will 
attract and adsorb the positive ion. It may also adsorb 
the negative ion and molecular KC1. Now when the 
charge on the sol is neutralised by the adsorption of 
positive ions, the neutralised particles can easily adsorb 
Cl' ions because of the chemical attraction of the sol for 
Cl' ions. It is quite probable that when the charge on the 
sol becomes sufficiently small due to the adsorption of 
potassium ions, they might attract the chloride ions 
because of the chemical attraction which counterbalances 
the repulsive force due to the sameness of the electric 
charge. 

The adsorption of negative ions like 01/ SO*", 
C,0*" etc. will certainly stabilise the sols of As*S 3 , Sb a S 3 
etc. and the stability of a sol in respect to its 
coagulation by a certain electrolyte will depend on the 
ratio of the amounts of adsorption of the two ions of the 
electrolyte. For example, when KC1 is added to As*S 3 sol, 
it will adsorb both the ions, as has been shown experi- 
mentally, but the potassium ion is adsorbed more than 
the chloride ion and hence the sol is actually coagulated 
by the electrolyte. 

In the case of bivalent salts like BaClj, SrCl 2 , etc. 
and trivalents salts like AlCl s ,FeCl 3 etc. the ratio of the 
amounts of adsorption of the positive to the negative ion 
is undoubtedly much greater than unity in all concentra- 
tions of the sol. This is the reason why the rule that 
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the greater the concentration of the sol, the greater is the 
concentration of the electrolyte necessary for the coagulation 
is applicable in all these cases. 

In the ease of univalent salts like KC1, LiCl etc., 
with negatively charged sols As a S 3 , Sb a S 3 etc., the ratio 
of the amounts of adsorption of positive ions to the negative 
ions is usually greater than unity. It seems probable that 
when the concentration of these sols becomes small this 
ratio tends to decrease and may approach unity. That is 
why more and more KC1 or LiCl is necessary to coagulate 
a. dilute sol of As^Ss or Sb a S s , than concentrated sols of the 
same substance. 

We are trying to show experimentally that the ratio 
of the amounts of adsorption of positive ions to the negative 
ions decreases with dilution of the sols in their coagulation 
with KC1. 

In cases of positively charged ferric hydroxide, chromium 
hydroxide etc. the adsorption of the positive ion is very 
small in comparison with that of the negative ion. The 
ratio of the amounts of adsorption of the negative ion to 
that of the positive ion is always greater than uuity and 
does not much change with the concentration of the sol. 
For this reason, the general rule that the greater the con- 
centration of the sol, the greater is the amount of electrolyte 
necessary for coagulation is applicable in all dilutions of 
these sols with all electrolytes. 

(6) From a critical summary of the existing data 
on the coagulation of sols by electrolytes we have observed 
that the effect of positive ions on positively charged sols 
like Fe(OH) 3 , Cr(OH) 3 etc. is not so marked as that 
of negative ions in the case of negatively charged sols 
like As a Sj, Sb 4 S 3 etc. Thus from Linder and Picton’s 
results with chlorine as the precipitating ion, the average 
precipitation value of different univalent salts becomes 288 
in the case of feme hydroxide sol, and the average 
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precipitation value with bivalent salts is about 305 , the 
difference is 7 %. On the otlier hand the precipitation value of 
univalent salts on arsenious sulphide sol is 99‘4 and that 
of the salts containing bivalent negative ions is 130 showing 
a difference of 30^. These results can be satisfactorily 
explained on the assumption that negatively charged arsenious 
sulphide can adsorb appreciable quantities of the ion 
carrying the same charge, whilst positively charged ferric 
hydroxide can hardly adsorb an ion carrying a positive 
charge. 

In this connection it should be noted that the influence 
of the ion carrying the same charge as the sol on its 
coagulation has been emphasised by Bancroft (Second Report 
on Colloid Chemistry Brit. Assoc. 1919, p. 2; Burton and 
Bishop (Jour. Phys. Chem . 24 , 701, 1920), Ostwald (Koll. Zeit. 
26 , 28, 69 (1920), Weiser (Jour. Phys. Chem. 25 , 665, 1921 ; 
742; 28 , 232, 1924) and others. Weiser has given this idea 
a great prominence in explaining many facts in the co- 
agulation of sols by electrolyte. But as far as we know 
we were the first to observe experimentally (qualitatively 
and quantitatively) that ions carrying the same charge are 
actually adsorbed by sols and we have co-ordinated 
diverse facts on coagulation and adsorption from this point 
of view. 

In the foregoing paper of this series (Ghosh and 
Dhar. Kolloid Zeit. 1924) we have reported that the presence 
of free sulphur in colloidal arsenious sulphide can be 
detected by treating the coagulating mass of arsenious 
sulphide by carbon disulphide. It seems likely that the 
presence of this negatively charged sulphur sol adds to 
the stability of arsenious sulphide sol, which is also 
negatively charged. Consequently a boiled sol of arsenious 
sulphide is more stable towards all electrolytes. 

Recently Murphy and Mathews [Jour. Amer. Chem. 
Soc. 45 , 16, (1923)] have proved that arsenious sulphide 
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sol does not contain a simple compound such, for 
example, as the molecule As,S s . 

It is very likely most sulphide sols would be con- 
taminated with negatively charged sulphur sol. Hence 
antimony sulphide or mercuric sulphide sol does not 
contain simple compounds, such as, Sb 5 S 3 , HgS, but 
really is a mixture of two or more sols or of different 
molecular species. 

In the case of mastic, which is a naturally 
occurring resinous matter, we are probably dealing with 
a mixture of different substances. 

It is interesting to note that these very substances 
e.g. arsenious sulphide, antimony sulphide, mastic etc. 
show abnormal dilution effect towards univalent cations. 

The sulphide sols are partially decomposed on boiling 
or on keeping for a long time at the ordinary temperature. 
Moreover, these sols undergo hydrolysis readily and are 
also oxidised easily. 

It appears, therefore, that sols, which are liable to 
be hydrolysed or to undergo other chemical changes readily 
are likely to show complications in their coagulation with 
electrolytes. 

In part VII of this series [Ben and Dhar Koll. 
Zeit. 34, 262 (1924)] the following observations were made: — 

“The adsorption of negative ions like Cl', S0 4 'V 
C,0 4 " etc. by negatively charged sols explain some 
interesting observations of Linder and Picton [Jour. Chem. 
Soc. 1895, 67, 67, (1895)] and of Weiser [Jour. Phys. Chem. 
25, 665, (1921)]. 

They have found out that at the beginning if small 
quantities of KC1, NaCl, LiCl etc. are added, the sol 
of arsenious sulphide, becomes more stable towards elec- 
trolytes BaCL, SrCl , etc. Whilst ferric hydroxide sol is 
not stablised towards KjSG 4 , K 7 C 3 0 4 etc. by the 
previous addition of KC1, KBrQ 3 , KNO, etc. 
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Very little work has been done on the precipitation 
of colloids by mixtures of electrolytes. Linder and 
Picton (loc. cit), Freundlich and co-workers [Zeit. Phys. 
Chem. U, 145, (1903), Kolloid Chem. Beihefte 16, 267 
(1922)], Blake [Amer. Chem. Jour. 16, 438 (1903)1 and 
Weiser (loc. cit) have investigated the coagulation of some 
sols by a mixture of electrolytes. 

The important facts observed are : (1) with positive 
ferric hydroxide, positive chromic hydroxide and negative 
stannic hydroxide, the precipitating values of mixtures of pairs 
of electrolytes of widely varying precipitating power (uni- 
and bivalent ions) are slightly less than the additive values. 
Thus mixtures of KC1 and either K, SO* or K 1 C 1 0 4 
precipitate ferric hydroxide and chromic hydroxide at 
concentrations less than the additive values, and the same 
is true for mixtures of LiCl and either Bad* or 
MgCL with negative stannic hydroxide. The maximum 
difference between the observed and the calculated values 
is less than 20%. 

(2) With the above sols an approximately additive 
relationship is obtained with a mixture of bivalent pre- 
cipitating ions. 

(3) With AsjSj the same is true for mixtures of 
(a) NH 4 C1 and HC1, (6) Ca(NO,) a and Bad, and 
(c) BaCL and MgCL. 

(4) With As 2 S 3 , the precipitating values of mixtures 
of electrolytes of widely varying precipitating powers are 
always much greater than the additive values. This was 
observed with (ce) LiCl and MgCL (b) LiCl and BaCL, (c) 
HC1 and MgCL, (d) KC1 and SrCL, (e) KOI and BaCL- 

The difference between the observed and the calculated 
values is as high as 120% in certain cases. 

In explaining the behaviour of a mixture of electrolytes 
in the precipitation of colloids Weiser has emphasised 
two factors: ■ "■ 
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1. The effect of the presence of each precipitating 
ion on the adsorption of the others. 

2. The stabilising action of the ions having the 
same charge as the colloid. 

If the- influence of both these factors be small the 
precipitation value of mixtures would be additive, whilst 
if the influence of both these factors be large the pre- 
cipitation value of mixtures will be greater than that 
expected from the values for the two different salts. 
Recently Weiser (loc. cit) has shown that the relatively 
large amount of chloride ion has no appreciable effect 
on the adsorption of oxalate ions by chromium hydroxide. 
The same is true, as Weiser has shown, in the case of 
ferric hydroxide and that is why no ionic antagonism is 
observed in the precipitation of chromium hydroxide or 
ferric hydroxide by a mixture of potassium chloride and 
oxalate. On the other hand, Weiser has shown that the 
adsorption of barium ion is decreased to a marked extent 
by the presence of lithium ion in the coagulation of 
arsenious sulphide. Freundlieh and Scholz (loc. cit) are 
of the opinion that the extent of hydration of a colloid 
is the most important factor in causing the ionic antagonism 
which results in precipitation values for certain mixtures 
of electrolytes that are considerably above the additive values. 
It is very difficult to understand how the hydration of the sol 
or that of the precipitating ion can explain ionic antagonism. 

Moreover it is so difficult to ascertain the amount 
of hydration of a sol or an ion [compare Dhar, Zeit. 
Elektro Chem. 20, 57 (1914)]. 

EXPERIMENTAL RESULTS. 

Stannic Hydroxide Sol. 

In this paper we have studied the coagulation of 
negatively charged stannic hydroxide sol by different 
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electrolytes and at various dilutions. The sol was prepared 
by slowly adding stannic chloride solution to a dilute 
caustic soda solution till the mixture was practically 
neutral. The sol was dialysed for about 3 days, when 
it was free from any alkali. The sol was practically 
optically clear and very stable. It will be seen from 
the following table that this sol follows the Schulze- 
Hardy Law in general and the rule that the greater 
the concentration of the sol the greater the amount of 
electrolyte necessary for the coagulation, irrespective of 
the valency of the precipitating ion. 

Concentration of the sol=2*71 grs SnO* per litre. 

. Volume of sol taken each time=4c.c. 


Volume after mixing electrolyte=6c.c. 




Time=-|- hr. 


Electrolyte. 

Cone. 

Amount 

added. 

Ppt. Concentration. 



C.C. 


KC1 

1 

2 

V.S0 

0T083 

K,S0 4 

N 
■ 2 

110 

01167 

K* FeCN 6 

N 

' 2" 

> 2'0 


BaCl s 

N 

125 

0*9 

0’0012 

MgOl, 

N 

100 

1'2 §:f| 

T0020 

A1,(S0 4 ), 

N 

250 

1'45 

0-0009 

Th (N0 3 ) 4 

N 

• 200 

rm 

0'0012 


An examination of the above table gives the 
following order for the precipitation values, beginning with 
the highest one— K t Fe CN. > K a S0 4 > KC1 > MgCl, 
> Bad* , Th (NO s )* > Al, (S0 4 )». 

From the experimental results, it appears that the 
Schulze-Hardy Law is applicable in this sol with the 
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exception of thorium, which lias been found to behave 
abnormally in other cases, such as As,S s , Sb*S $ , negatively 
charged Cr(OH) 3 [Sen and Dhar, 34, 262, (1924)] etc. 

Since the colloid is negatively charged it is obvious 
that the cation is the coagulating agent. It appears, however, 
the anions also have appreciable influence as shown in 
the following table: — 


Electrolyte 

Gone. 


Amount added 

c.c. 

KC1 

nU 


1*3 c.c. 

K a SO* 


* 

1*4 

Ivjte ON, 

tii 1* 


>2*0 


The precipitation values of different salts with the 
same cation are in the order K 4 Fe CN 6 > K 2 S0 4 > KC1. 

It is interesting to observe that salts like potassium 
citrate, potassium ferrocyanide, etc., precipitate negatively 
charged stannic hydroxide with great difficulty. Exactly 


similar results were obtained with negatively charged ferric 
hydroxide and chromium hydroxide due to the great 
peptising influence of polyvalent negative ions. 

Effect of dilution. 

Electrolyte Sol A 

soi A 

Soi A 

4 

c.c. 

c.c. 

C.C. 

KCl A T3 

1*2 

11 

BaCl 2 S 0 - 9 

0*6 

0*35 

MgCl, A 1-2 

0*7 

0*4 

A1 2 (S0*) 3 A 1*4:1 

• °' 8 i 

0*4 

Mixed Electrolytes. 



KCl AL BaCl 3 -A- added RaCl.AJ-Cal. 

Difference. 

0*6 c.c. 0*45 c.c. 

0*5 c.c. 

-0*05 c.c. 


Hence this sol follows the general dilution rule that 
the greater the concentration of the sol the greater is the 
amount of electrolyte necessary to coagulate the sol. 
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irrespective of the valency of the precipitating ion. Moreover 
this sol behaves more or less normally with a mixture 
of electrolytes. 

Negatively charged ferric hydroxide. 

This sol, was prepared by the method already described 
[compare Jour. Phys. Chem. 28, 805 (1924)]. 

Concentration of the sol=5'54 grms. Fe,Q 3 per litre. 


2 c.c. Sol : 
N Kcl 
c.c. 


O' 5 
l'O 
2'0 
3'0 
n'O 


Volume =10 c.e. 

A T / a 5 Bad 2 
c.c. 

0'65 

0'65 

' 0'65 

0'62 
0'60 
0'55 


The sol was very stable and could not be coagulated 
by N KC1, it could be coagulated by a saturated KC1, 
but it is readily coagulated by BaCI, and A1C1, 

Negatively charged chromium hydroxide. 

This sol was prepared by the method described in 
part VII of this series [Koll. Zeit 34, 262 (1924)]. 

Concentration of sol=3'62 Cr, 0 3 per litre. 2 c.c. 
Sol: Volume=10 c.c. ■ ■ , 


N Kcl 

l'O c.c. 

3'0 

5'0 


1V/25 BaOl, 
115 c.c. 
110 
1'05 

roo 


This sol was 
coagulated by N KC1. 


also very stable and could not be 
Strong solutions of KC1 coagulated 
it, whilst it was readily coagulated by BaCl, and A1C1*. 

From the foregoing results, which are of a preliminary 
nature, we find that the sols are not stabilised towards 
Ba Cl, by the previous addition of KC1 and that additive 
relationship is obtained when negatively charged ferric 
hydroxide and chromium hydroxide are coagulated by a 
39 
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mixture of KC1 and Ba Cl,. In other words, the beha- 
viour of these two sols when coagulated by a mixture 
of electrolyte is normal. 

We have shown in other papers that these two 
sols follow the general dilution rule that the greater the 
concentration of the sol, the greater is the amount of 
electrolyte necessary for coagulation irrespective of the 
valency of the coagulating ion. 

Antimony sulphide sol : — 

In foregoing papers of this series [Jour. Phys. Chem. 
28, 313 (1924) ; Koll Zeit, (1924)] we have investigated 
the coagulation of negatively charged antimony sulphide 
sol by electrolytes under different conditions. In this 
paper we have investigated the coagulation of the above 
sol by mixtures of electrolytes and from the following 
results it will be observed that ionic antagonism is noti- 
ceable in the coagulation of tins sol by electrolytes. In 
other words previous addition of small quantities of potas- 
sium salts makes this sol stable towards bivalent and 
trivalent electrolytes. 

Concentration of Sb, S 3 sol (undialysed) *= 1*986 grms. 
per litre, amount of Sb, S» taken=4c.e. ; Volume=S c.c. ; 
Time=i hr. 


KOI, 

BaCl* ~ added 

Bads ^ Cal 

Difference. 

1*2 

0 


0 

095 



0*2 

0*90 

079 

+ 0*11 

0*4 

085 

064 

+0*21 

0'6 

0'55 

048 

+007 

0'8 

0*35 

0*32 

+0*03 

MgOl.A 

Ba 01 e added 

Ba 0U& Cal 

Difference. 

ro 

0 



0 

095 



02 

075 

076 

-0*01 

0*4 

055 

0*57 

—0*02 

0*6 

0 4o 

038 

+007 

0'8 

0*20 

019 

+0*01 
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KOI — Al, (So*), added Al, (So*) 3 Cal. Difference. 

4 loo i lt>6 7 


0 

115 

— — 


115 

0 



0‘2 

no 


+015 

0*4 

0'95 

075 

+0'20 

0*6 

070 

0‘55 

+015 

0‘8 

0-50 

0-35 

+015 

M 9 Cl,g^ Al, 

(8°,), 1667 

added Al,(So*) 3 Cal. 

Difference. 

ro 

'0 



0 

110 



01 

ro 

ro 

+0'0 

0‘4 

075 

0‘66 

+Q’09 

07 

010 

013 

+0’07 


We have also determined the adsorption of both 
Ba and K ions when antimony sulphide is coagulated by 
a mixture of barium chloride and potassium chloride. 

Amount of sol taken =75 c.c. containing 01490 grm 
of Sb, S 3 ; Volume==100 c.c. 

Amount of potassium ion already present as K, So 4 
due to the presence of potassium tartrate=0*0795 grm. 


Mixture added to 75 c.c. sol. 

Amount of 
cations 
present as 
sulphates. 

Amount 
remaining 
as sulpha- 
tes. 

Adsorption 

Adsorption 
in milli- 
equivalents. 

c.c. N/125 
BaCl 2 

c.c. N/4 
KC 1 . 

c.c.H 2 0 

of cations 
as sulphate. 

15 

v ; 

10 

0*0140 grm 
Ba So* 

0*0062 grm 
Ba So* 

0*0078 grm 
Ba So 4 

0-0668 Ba 

— 

16 

9 

0*4279 grm 
K, So* 

0*4055 grm 
K 2 So 4 

0*0224 grm 
K 2 S 04 

0-2571 K 

10 

8 

7 

0-0095 Ba 
So* 

0-2537 K, 
So.. 

0*0060 Ba 
So* 

0-2438 K, 
So* 

/ 

\ 0*0035 

> 

0-0099 

0-0299 ®a 

0-1137 K 
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From the above experiments on Sb, S s sol we 
find that the adsorption of barium ion is decreased to the 
extent of 55% by the presence of potassium ion below 
the precipitation concentration of the chloride. We have 
also observed that the adsorption of potassium ion by 
antimony sulphide is also decreased by the presence of 
barium ion. 

A very interesting fact will be noticed that the 
sum of the adsorption of potassium and barium ions 
expressed as equivalents by Sb, S 3 is greater than the 
adsorption of barium ion by Sb a S 3 when coagulated 
by BaCl 2 alone but less than the adsorption of K° ion 
when coagulated by only KC1. 

These results are in entire agreement with the 
interpretation of the Schulze-Hardy Law from the adsorp- 
tion point of view already advanced [Dhar, Sen and 
Ghosh Jour. Phys. Chem. 28, 457, (1924)]. It was 
enunciated that an ion which has a high precipitation 
value (a small coagulating power) is more adsorbed, than 
an ion with a high coagulating power. In other words 
univalent ions are more adsorbed than bivalent ones. 
In the case when Sb,S s is coagulated by electrolytes 
potassium ion is more adsorbed than barium ion and 
from a mixture of potassium and barium chlorides the 
sum of the adsorption of barium and potassium expressed 
in equivalents is less than the adsorption of potassium 
when coagulated by KC1 alone and greater than that of 
barium when coagulated by only BaCl a . 

Mastic sol : — 

The sol was prepared by dissolving a known amount 
of mastic in alcohol and then dropping it in a known 
volume of water. It has been observed that small quan- 
tities of alcohol present in the sol does not effect much 
in its coagulation by electrolytes. 

Concentration of mastic sol=l'2528 grm per litre. 
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Amount of sol taken each time =4 e.e. Total volume = 
8c.e.; Time=-Jbr. 


KOI N 


added 


8 

0 

1*7 c.c. 


Ba01 2 _N_ added BaClj 

1"55 c.c. 

0 


N 

2 g~ calculated 


0‘5 „ 

115 

110 

07 „ 

roo 

0'91 

0-9 „ 

0'85 

073 

1-2 

0’50 

015 

1 N 

padded 

Al, (So 4 ), N 

• added (So..) 3 

N 

2,000 



2,000 

0 


calculated. 

1*50 c.c. 


170 c.c. 

0 


010 

115 

110 

070 

0‘95 

0‘85 

0'90 

075 

0-68 

1"20 

0'50 

015 


Difference. 


+0’05 

+0‘09 

+012 

+0‘05 

Difference. 


+0'05 

+010 

+0'07 

+005 


Effect of dilution. 

Sol A = 4 c.c. sol of the original sol made up to 8 c.c. 
Electrolyte 


KOI N 
’8 
BaCl s 

25 

A.I3 (So*^ 


N 


2,000 


Sol A 

170 c.c. 
T55 „ 

1 50 „ 


Sol A^ 

4 

>2-5 c.c, 
1-85 „ 
1'05 


From the experimental results on mastic sol which 


is negatively charged it will be observed that the sol is 
abnormal with a mixture of electrolytes and does not follow 
the dilution rule that! the greater the concentration of the sol 
the greater the amount of electrolyte necessary for coagulation 
with monovalent and bivalent cations [Compare Neisser and 
Friedemann Munehen M Wochenster 61, 827 (1904)]. 

It will be evident from the foregoing tables on 
the coagulation of mastic by Bad, that the coagulating 
power of BaClj is not preponderatingly greater than that 
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of KCL The coagulating power of Bad* on mastic is 
about 7 times greater than that of KC1. In the ease 
of other negatively charged sols the coagulating power 
of BaCl* is about 50 times greater than that of KC1. 

Consequently the sol is likely to adsorb appreciable 
quantities of chlorine ions from KC1 or from BaCl,. 
Therefore it seems resonable to expect that in the 
coagulation of this sol by KC1 of BaCl a the ratio of 
the adsorption of positive to negative ion is not much 
greater than unity and the ratio is likely .to decrease as 
the sol is diluted, that is why more KC1 or BaCl* is 
necessary to coagulate a dilute sol than a concentrated one. 

We have proved that negatively charged stannic 
hydroxide, ferric hydroxide and chromium hydroxide follow 
the general rule that the greater the concentration of a 
sol, the greater the amount of electrolyte necessary for 
its coagulation. We have also shown that when these 
sols are coagulated by a mixture of electrolytes, the 
coagulating power of the mixed electrolytes is an additive 
function of the coagulating powers of the individual 
electrolytes. In other words towards mixed electrolytes the 
behaviour of negatively charged stannic hydroxide, ferric 
hydroxide and chromium hydroxide may be said to be normal. 

Similar results have been obtained by Weiser (loe. 
cit) with a mixture of electrolytes towards stannic hydro- 
xide sol. Recently Freundlich and Scholz (loc. eit) have 
shown that with colloidal gold and Weimam’s sulphur sol 
the action of the precipitating cations showed an additive 
relationship, while the precipitating action was not additive 
with arsenious sulphide sol and Oden’s sulphur sol particu- 
larly with mixtures of ions having widely varying precipi- 
tating powers. Very recently Weiser has shown that the 
behaviour with a mixture of electrolytes of positively 
charged chromium hydroxide sol is normal; in other words, 
an additive relationship is observed in the coagulation of 
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positively charged chromium hydroxide sol by mixtures of 
ions having widely different precipitating powers. Similarly 
more or less additive relationship was observed with ferric 
hydroxide by Weiser. Our results with mastic sol show 
that this sol is abnormal. Consequently sols can be 
divided into two distinct classes one of which is 
normal whilst the other class is abnormal as far as 
their behaviour with mixed electrolyte is concerned, thus 
Abnormal Normal 

AS, S3 Cr (OH) 3 positive 

Sb,S 3 Fe (OH), „ 

Mastic Sn (OH)* negative 

S (Oden) An (Donan) 

S (Weimam) 

Fe. (OH) 3 (negative) 

Cr (OH), ( „ ) 

From the above table it will be seen that Cr 
(OH) s both positive and negative, Fe(OH) a both positive 
and negative, negatively charged Sn(0H) 4 , Weimarn’s S 
sol and gold sol show additive relationship when coagulat- 
ed with widely varying coagulating power. It must be 
observed that Fe(OH) 3 both positive and negative 
Cr(OH) 3 both negative and positive Sn(OH)* negative 
follow the general dilution rule that the greater the con- 
centration of the sol the gratear the amount of electrolyte 
necessary for coagulation. On the other hand As a S 3 , 
Bb a S 3 , mastic, sulphur sol (Odki) do not show additive 
relationship in their coagulation by a mixture of electolytes 
and these very sols do not follow the general dilution 
rule that the greater the concentration of a sol the greater 
the amount of electrolyte necessary for coagulation. 
Consequently we were led to the conclusion that those 
sols which follow the general dilution rule that the greater 
the concentration of the sol the greater is the amount 
of electrolyte necessary for coagulation, should behave 
normally with a mixture of electrolytes in their coagulation. 
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In other words there is an intimate connection 
between the dilution effects of sols and their behaviour 
with mixture of electrolytes. 

Weiser and Nicholas [Jour. Phys. Chem. 25, 742 
(1921) ] have shown that Prussian blue on dilution takes 
less electrolyte for coagulation, in other words this sol 
follows the general dilution rule. 

We expected that Prussiam blue will behave normally 
when coagulated by a mixture of electrolytes. 

Prussian blue sol : — 

In order to verify this conclusion we made some 
preliminary experiments on the coagulation of Prussian blue 
by mixture of electrolytes. The sol was prepared by washing 
the precipitate of Prussian blue obtained by treating a 
solution of FeCl s with K* Fe (CN) S . The sol was 
dialysed till wash water showed no tests for either Fe 00 ° or 
FeCN/ /,/ . We find that Prussian blue does not behave 
normally as the following experimental results will show: — 

Concentration of the sol=7*54 grs. of Prussian blue 
per litre 

KOI ~ added BaCl, added 

c.c. c.c. 

175 c.c. 

(coagulated in \ hour) ... 

.2*8 c. c. 

(coagulated in i hour) 

0'4 c.c. Did not coagulate with 

2‘1 c.c. in i hour, but 
showed coagulation 
with 2*3 c.c. 

0*8 c.c. Did not coagulate with 

170 c.c. on adding 0*2 
c.c. to 170 c.c. after 
i hour it coagulated. 

Having observed the anomaly we were led to study 
the effect of dilution on the coagulation of Prussian blue 


BaCl s Calc. 

C.C. 

4 «« 

2‘15 c.c. to coagu- 
late in ihour. 


1*52 c.c. to coagu- 
late in i hour. 
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by potassium and barium chlorides. From the results of 
Weiser and Nicholas (loc. cit) we find that the amount 
of KC1 necessary to coagulate a sol of Prussian blue 
which is diluted ten times is only 14^" less than the 
amount of KC1 necessary to coagulate the sol which 
is ten times stronger. Whilst in the coagulation of chro- 
mium hydroxide sol the amount of KCNS required to 
coagulate a sol which is* ten times diluted in only 1/3 of the 
amount of KCNS required to coagulate the stronger sol. 

From our preliminary experiments we find that a 
dilute sol of Prussian blue takes more of KC1 and less 
of BaCl 2 than the concentrated sol for its , coagulation 
as the following preliminary experiments will show: — 


Sol A=1 c.c. of the original sol containing 7'54 
grins, of Prussian blue per litre diluted ten times. 


Concentration of 
the sol. 

KCl 

4 

BaCh 4 , 

A 

Coagulated with 1*75 c.c. 

Coagulated with 2*8 


in \ hour. 

c.c. in i hour. 

A. 

Did not coagulate with 

Coagulated with 2*8 

10 

2*1 c.c. in \ hour. 

c.c. before | hour. 


Hence it appears that behaviour of Prussian blue 
is not normal as shown by Weiser and Nicholas but is 
abnormal towards its coagulation both by mixed electro- 
lytes and KC1. 

These experimental results on the coagulation of 
Prussian blue strengthen the view that the abnormal 
dilution effect and abnormal coagulation by mixed electro- 
lytes go hand in hand. 

Similarly colloidal gold (Donau’s Method) and Wei- 
mara’s sulphur which are found to behave normally with 
mixture of electrolytes should follow the general dilution 
rule. T his is practically all the literature available on 
the subject. We are trying to extend observations on 
other sols. 
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It seems certain that the deviations of the sols 
from the general dilation rule and from additive relation- 
ships towards mixture of electrolytes are based on the 
same phenomenon. Substances like As 4 S 3 , Sb,S 3 etc. 
adsorb appreciable quantities of ions carrying the same 
char ge and hence they are stabilised on the addition of 
univalent electrolytes and hence they require greater quan- 
tities of bivalent ions for charge neutralisation and coa- 
gulation ; that is why these sols do not show additive 
relationship when coagulated by a mixture of electrolytes. 

“ACCLIMATIZATION” OF SOLB. 

It is an interesting fact that the amount of an 
electrolyte necessary to coagulate a . sol completely is 
influenced by the rate at which the electrolyte is added. 
Since an amount of the electrolyte necessary for complete 
coagulation when the addition is rapid will not cause 
complete coagulation when the axldition is slow, the colloid 
is said to become acclimatized to the presence of the 
electrolyte and the phenomenon is called acclimatization. 

It should be emphasised that the phenomenon of 
acclimatization of sols first observed by Freundlieh [Zeit, 
Phys. Chem. 44, 148 (1903)] can be satisfactorily ex- 
plained from the point of view of the adsorption of the 
ion carrying the same charge as the sol. Freundlieh 
observed: “The amount of barium chloride solution con- 
taining 9‘55 millimoles of Bad, per litre, neeessary to 
precipitate completely in two hours and arsenious sulphide 
colloid containing 5752 millimoles of As 3 S 3 per litre. 
The same amount of electrolyte 2c.a was next added 
dropwise to the same amount of colloid 20 cc. in 18 
hours, 27 days and 45 days respectively. After the 
addition of each drop the solution was shaken one®. 
Two hours after the addition of the last drop the solu- 
tions were filtered and it was found that the filtrate was 
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still quite cloudy — the cloudiest solution being the one to 
which the electrolyte was added slowest In order to 
precipitate the remainder of the first solution completely 
1'5 cc. of the same barium chloride solution was added 
and after two hours it was clear. 

To 20 cc. of a colloid containing 20’45 millimoles 
of Fe(OH) s per litre was added 2 cc. of magnesium 
sulphate solution containing 4*82 millimoles per litre. 
The addition was made dropwise in the course of eight 
days, after each addition the flask was shaken once. 
Although a salt solution of this concentration precipitated 
the colloid completely after two hours, by this slow 
addition the solution was not entirely clear two hours 
after the last drop was added and the filtrate still con- 
tained ferric hydroxide. The addition of three drops more 
of magnesium sulphate solution was sufficient to coagulate 
the remainder within an hour”. 

From the foregoing quotations it is evident that 
with As,S s the phenomenon of acclimatisation is more 
pronounced than with ferric hydroxide. 

Similar results are obtained by Weiser [Jour, Phys. 
Chem. S5 399, (1921)] where he observes : “Whereas 1*8 cc, 
N/50 K*C a 0 4 will certainly cause a complete precipitation 
in one hour when added all at once, the precipitation 
was not complete one hour after the addition of the 
electrolyte by the slow method. By adding 0*lcc. more 
and allowing to stand one hour more a filtrate clear 
from colloidal ferric hydroxide was obtained. With arsenious 
sulphide Weiser obtained the following results. “ Precipitation 
values were determined for strontium chloride and potassium 
chloride. On rapid addition, 2*05 cc. of N/50 Sr Cl, and 
2*50 cc. N/2 KC1 were necessary to precipitate completely 
20 cc. of colloid. The slow addition of the electrolyte in 0*1 
cc. portions over a period of approximately 36 hours 
required 2*50 cc. of SrCl* and 270 of KC1 solutions” 
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Moreover according to the above observation of Freundlieh 
partial precipitation of the sols took place in arsenious 
sulphide as well as in ferric hydroxide. It has been already 
noted that As a S 3 , Sb*$ s etc. markedly adsorb the 
ion carrying the same charge ; consequently • when drops 
of Bad, are added to a sol of As,B s as has been 
done by Freundlieh the sol is appreciably stabilised by 
the adsorption of chloride ions and so great quantities 
of BaCl a are now necessary to coagulate the sol completely. 
On the other hand ferric hydroxide does not appreciably 
adsorb the ion carrying the same charge and that is why 
they are not appreciably stabilised by the addition of a 
few drops, say of magnesium sulphate; consequently very 
slow addition of an electrolyte to ferric hydroxide sol 
produces only a slight increment in the amount necessary 
for coagulation. 

We venture to suggest that sols like As 3 S 3 , Sb,S 3 , 
mastic etc., which show abnormal dilution effect and are 
abnormal in their behaviour towards mixed electrolytes 
should show this phenomenon of acclima tization more markedly 
than sols like Fe(OH) 3 , Cr(OH) s etc., which follow the 
general dilution law and are normal towards mixed 
electrolytes. We are strongly of the opinion that the three 
phenomena viz. (i) the abnormality of sols to follow 
the general dilution rule (2) the abnormality towards 
mixed electrolytes and (3) the phenomenon of acclimatiz- 
ation are essentially connected and are mainly due to 
the adsorption of the ion carrying the same charge as 
the ; 

Weiser has tried to explain the phenomenon of 
acclimatization from the point of view of the adsorption 
of ions by the coagulated mass. There is no doubt that 
the coagulated mass adsorbs electrolytes. Freundlieh 
has observed in his experiments that partial coagulation 
takes place not only with As,S, but also with Fe(OH), 
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and as a matter of fact a little of the precipitating electrolyte 
is adsorbed by the coagulated ASiS s or Fe(OH) s . 
From our experiments on the adsorption of electrolytes 
by coagulated substances we find that Fe(OH) s can adsorb 
ions appreciably from solutions, and Freundlieh [Zeit. 
Phys. Chem. 78 , 385 (1916) ] has shown that coagulated 
As 2 S 3 adsorbs slightly several ions. From our preliminary 
experiments we are of the opinion that freshly precipitated 
Fe(OH) s is a better adsorbent than As a S s . Consequently 
the explanation of the phenomenon of acclimatization 
advanced by Weiser is certainly incomplete because it 
cannot explain the occurrence of the phenomenon of accli- 
matization more markedly with As„S 3 than with Fe(OH) s . 
In this respect our explanation stands on a better footing 
than that of Weiser. 

We have made preliminary experiments on the 
acclimatization of mastic sol towards KC1 and of negatively 
charged ferric hydroxide with BaCl a . 

With mastic the following results are obtained : — 
When KC1 is added very rapidly (the addition of the 
total volume of electrolyte necessary for coagulation is 
finished in a few seconds) to 4 & c. of mastic sol 
containing 1'2528 grams per litre, the sol requires 1'9 e.c. 
N/8 KC1 for complete coagulation and settling in 
18 hours. 

When 0‘3 c.e. of N/8 KC1 is added at the interval 
of 45 minutes, and the addition is completed in about 
6 hours, the sol takes 2'35 c.c. N/8 KC1 for complete 
coagulation and settling in 24 hours. 

With negatively charged ferric hydroxide the following 
results are obtained : — 

When Bad* is added very rapidly to 2 c.c. of the 
negatively charged ferric hydroxide sol and the total 
volume is made to 10 c.c. the sol requires 0’5 &c. N/25 
BaCl, for complete coagulation and settling in 48 hours, 
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When -JL Bad, is added drop by drop to the same 

volume of the sol and the addition was carried on for 
24 hours, complete coagulation and settling of the sol did 

N 

not take place in 48 hours, till 0*55 c.c. of -^- Bad, 
was added. 

Accordingly, our experiments show that acclimatization 
is more pronounced with mastic than with negatively charged, 
ferric hydroxide. 

AGEING OF SOLS. 

In previous papers (loc. cit) we have investigated 
the effect of ageing on sols like Sb,S 3 , As,S 3 etc. 
We have observed that 5 c.c. of a sol of Sbi S 3 when 
freshly prepared takes 0’85 c.c. of Nad for complete 
precipitation, whilst the same amount of the sol kept for 
33 days can be precipitated by only 070 c.c. of Nad. 

Similarly we have obtained the following results with 
As, S 3 •— 

Concentration of As,S 3 sol «= 0*922 grm per litre. 


Volume = 10 c.c. 

; Time 

= 1 hr. 


Electrolyte. 

Cone. 

N 

2 - 

To coagulate on 
15th March, 1924. 

10th May, 1924. 

KC1 

2*0 c.c. 

1*8 c.c. 

BaCl, 

N 

50 

1'30 „ 

1*25 „ 


Moreover in this paper we have repeatedly observed 
that the effect of ageing is more pronounced when Sb, S s 
sol is coagulated by K Cl, Nad etc., than when the same 
sol is coagulated by bivalent and trivalent ions. 

Consequently we are of the opinion that the effect 
of ageing will be more noticeable when sols like Sb,S 3 , 
As,S 3 , mastic etc., are precipitated by univalent cations 
than when the above sols are coagulated by bivalent and 
trivalent cations and this phenomenon should be more 
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pronounced with the above sols than with sols like 
Fe(OH) 3 , Cr(OH) 3 etc., which .hardly adsorb ions carrying 
the same charge as the sol. It appears that on ageing 
the electric .charge on colloidal particles decreases very 
little, whilst the capacity for the adsorption of ions carrying 
the same charge is- decreased appreciably and hence the 
ageing effect is pronounced with Sb 4 S 3 , As 4 S 3 etc., when 
coagulated by KC1, NaCl etc. 

We have frequently observed that the adsorptive power 
of freshly prepared Fe(OH) s , Cr(OH) 3 etc., for negative ions 
are greatly reduced on ageing. Moreover, we have noted that 
precipitated Fe(OH) 3 , Cr(OH) 3 , etc., prepared about an 
year ago and kept in contact with water changes colour, 
the deep brown ferric hydroxide becomes deep red and the 
green Cr(OH) 3 becomes grayish and their chemical acti- 
vity is greatly decreased. The “ aged ” precipitates do not 
dissolve in concentrated H Cl at the ordinary temperature, 
whilst the freshly precipitated subsanees dissolve , very 
readily in HC1. 

We are carrying on experiments on ageing with 
different substances under various conditions. 

DISCUSSION. 

Let us try to visualise what takes place when posi- 
tively charged ferric hydroxide sol is coagulated by a 
mixture of KC1 and K 4 C 4 0 4 . When a few drops of 
potassium chloride solution is added to ferric hydroxide 
sol the chloride ion is attracted by the positively 
charged sol, and at the same time a very small quantity 
of potassium ion can also be taken up by the sol. In 
this case the ratio of the adsorption of chlorine to that 
of potassium ion is always greater than unity. As the 
sol is likely to adsorb a little potassium ion also and 
hence it should be very slightly stabilised. Apparently 
the effect of the adsorption of potassium ion by ferric 
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hydroxide would have been that a slight excess to that 
of the calculated amount of potassium oxalate would have 
been necessary to coagulate the sol completely. But from 
.experimental results we find that slightly less amount of 
potassium oxalate is sufficient to coagulate a sol of ferric 
hydroxide to which KC1 has already been added. This 
is because, as Weiser has pointed out that more of adsorp- 
tion takes place from dilute solutions than from concen- 
trated ones of the electrolytes. The adsorption of chlorine 
ion or of oxalate ion is relatively greater at concentrations 
below their precipitation values. As the sol is precipitated 
by a mixture of KC1 and K 2 C 2 0 4 the concentration 
of each electrolyte in the mixture will be less than its 
precipitation concentration and hence the percentage of 
adsorption of chlorine ion or of oxalate ion will be greater 
in the mixture than when the sol is coagulated by KC1 
or by K 2 C 2 0 4 separately [compare Chatterji and Dhar 
Kolb Zeit. 33., 18, (1923)]. So that relatively less oxalate ion 
is necessary to bring the combined adsorption of chloride 
and oxalate above the critical value necessary for neutralisation 
and coagulation. This second factor is certainly more pre- 
dominating and more than counterbalances this very slight 
stabilisation of the sol due to the slight adsorption of 
potassium ion, consequently the precipitation values for a 
mixture of KC1 and K 2 C 2 0 4 towards ferric hydroxide 
are slightly less than additive. Exactly similar explanation 
can be given in the coagulation of chromium hydroxide, 
stannic hydroxide negative, negative ferric hydroxide etc. 
It must be stated clearly that in some cases the preci- 
pitation values with a mixture of electrolytes with widely 
varying precipitation powers may be exactly additive pro- 
vided there is no complication or the opposing factors to 
mutually annul each other. 

On the other hand with sols like arsenic sulphide, 
antimony sulphide, mastic etc., we get certain complications. 
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Weiser has shown with arsenic sulphide and we have 
shown with antimony sulphide that in presence of monovalent 
ions like K°, Li° etc., the adsorption of Ba ions by the 
sulphide sols is greatly decreased. We have also proved 
experimentally that the adsorption of K ion is also de- 
creased by the presence of Ba 00 , consequently the precipitating 
action of a mixture of electrolytes (KCl and BaCi,) towards 
Sb,S 3 sol is not additive but a relatively higher concen- 
tration of the bivalent ion is necessary to secure neutral- 
isation of the sulphide sol by adsorption in the presence 
of K or Li ion. 

From our experiments on the adsorption by Sb, S, 
from a mixture of KCl and Ba Cl, at the precipitaing 
value, we find that the presence of KCl decreases the 
adsorption of Ba ion to an extent of 55 % and the 
adsorption of potassium ion is also depressed to an 
extent of Weiser has shewn that at the precipi- 

tation concentration of a mixture containing 1/8 the 
precipitation, value of LiCl alone the adsorption of Ba ion 
is lowered more than 25 per cent; whilst from a mixture 
containing 1/2 the precipitation value of Li Cl alone the 
adsorption of Ba is decreased 58 %. Weiser has made 
no experiment on the adsorption of Li ion in presence 
of Ba ion. 

It must be observed that the decrease of adsorption 
of a bivalent ion in presence of monovalent electrolytes 
need not be a general phenomenon. Certain cases are 
actually known, for example in the coagulation of Fe 
(OH), and Cr(OH), etc. in which the presence of an 
excess of chlorine ions does not affect, the adsorption of 
bivalent ions (SO*," C,0*") appreciably. 

There is another important factor in the precipitation 
of sols like antimony sulphide, mastic etc. by mixtures 
of electrolytes. When a few drops of KCl are added 
to a sol of antimony sulphide the K° ions are "adsorbed 
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and at the same time the adsorption of Cl ions also 

takes place. If we now precipitate the sol with, say 

BaCl, we find that the amount of BaCL necessary for 

the complete coagulation of the sol is greater than the 
amount of BaCL necessary in absence of KCI, conse- 
quently we cannot escape the conclusion that in presence 
of small quantities of KCi the sol of antimony sulphide 
is made more stable than its absence, and this can 

only happen by the adsorption of a greater quantity of 
Cl ion than of potassium ion. In other words when a 
few drops of KCI are added to a sol of Sb 2 S 3 we 

have to assume that the ratio of adsorption of potassium 
ion to chlorine ion is less than unity. Now because 

the sol of Sb a S 3 can actually be precipitated by KCI 
we are also forced to the conclusion that at the preci- 

pitating concentrations or at higher ones of the electrolytes 
the ratio of adsorption of K° to CK must be greater than 
unity. In other words the ratio of adsorption of K° to 
that of Cl goes on increasing as the concentration of the 
electrolyte becomes greater and greater. From this point 

of view it seems pretty clear that certain ionic antagonism 
would also be noticeable in the coagulation of these 
sulphide or mastic sols even when they are precipitated 
by a mixture of, say KCI and NH 4 C1. We have 
assumed that the addition of a few drops of KCI makes 
the sol of AsjSj more stable by the greater amount of 
adsorption of Cl ions, consequently this stabilised sol 
should require more of, say NH 4 C1 for its coagulation 
than in the absence of KCI. Unfortunately there is very 
little experimental work in this line. The only data 
available is that of Linder and Pieton on the coagulation 
of Asj S s by a mixture of HC1 and NH 4 Cl or HC1 
and HNOs, or HN0 3 and K 3 S0 4 . In all these cases 
instead of adding only a few drops of the stabilising 
electrolyte they have at first added 2 ac. or more of the 
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electrolyte in question whilst about 4 c.e. is necessary for 
coagulation. We have already pointed out that the ratio 
of adsorption by say As 2 S 3 of positive ions and negative 
ions goes on increasing and becomes greater than unity 
at the precipitating concentration. Consequently when 2 c.c. 
or more of the stabilising electrolyte is first added the 
ratio of the adsorption of positive ions to the negative 
ions may be unity or greater and hence the sol is not 
at all stabilised by its addition and approximately the 
calculated amount of the second electrolyte is actually 
needed for complete coagulation. In order to find out 
the stabilising influence of the first electrolyte on the 
sol it is necessary to add only a few drops of the 
electrolyte and then only the ratio of the adsorption of 
positive to negative ions would be less than unity and 
hence the sol would be actually stabilised. 

It has been already observed that in presence of 
Ba°° ions the adsorption of K° ions by antimony sulphide 
is appreciably decreased. Consequently in presence of Ba° 
ion the ratio of the adsorption of K° to that of Cl' can 
be easily less than unity and hence the sol would appear 
to be stabilised towards Ba°° ion if a little of KC1 be 
already present in the sol. 

In explaining the phenomenon of acclimatization of 
a sol we have observed that when only a few drops of 
barium chloride are added to a sol of arsenious sulphide, 
the sol may adsorb the Cl' ions along with Ba 00 ions 
and cansequently when it is precipitated by say Al(NO») s 
the amount of A1(N0 3 ) 3 taken will be greater than 
the calculated amount because of the slight stabilisation of 
the sol produced by the adsorption of a few Cl' ions from 
BaCl a . This phenomenon will be more marked with 
mastic when coagulated by BaCl 2 and Al(NO s ) 3 or 
MgCli and A1(N0 3 )* because the coagulating power 
of the bivalent ions, Ba 00 and Mg 00 is not preponderingly 
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greater than that of monovalent ions whilst the 
precipitating action of trivalent ions is very much 
greater than that of bivalent ions ; consequently in presence 
of a few drops of BaClj mastic will be stabilised by the 
adsorption of more of Cl' ions than Ba 00 ions and hence 
the sol is likely to take up more of Al(NO s )* in the 
presence of a few drops of BaCl 2 than in the absence 
of BaClj. Experimental work in these lines is in progress 
in this laboratory. 

Finally we have to take into account the decrease 
of the degree of dissociation of the bivalent electrolytes 
in presence of an excess of the univalent electrolyte. 
For example in the coagulation of As 2 S 3 or Sb 2 S* 
the amount of the monovalent salts required to coagulate 
a sol is about fifty times greater than the bivalent salt, 
consequently when these sols are precipitated by mixtures 
of monovalent and bivalent salts there will always be an 
excess of the monovalent electrolyte and consequently in 
its presence the degree of dissociation of bivalent elec- 
trolyte will be depressed due to the presence of an excess of 
the common ion say Cl and consequently more of the bivalent 
of electrolyte would be necessary for coagulation of colloids. 

We have proved that in the coagulation of negative 
Cr(OH) 3 , Fe(OH)s, Sn(0H) 4 As a S s etc. far greater 
quantities of KS0 4 , K 4 Fe(GN) s , potassium citrate 
etc. are necessary than that of KC1. Similar results 
were obtained by Linder and Picton, and Weiser with 
As,S s sol. One reason of this phenomenon is that the 
bivalent and polyvalent negative ions are more adsorbed 
by the negative sols than the monovalent ions, the other 
reason is that the salts with bi and polyvalent ions are 
less ionised than the salts with univalent ions. Consequently 
in order to obtain the necessary amount of adsorption 
for neutralisation and coagulation greater quantities of 
the electrolytes with polyvalent ions are necessary. 
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From the results of Weiser we find that when 
AsiSj is coagulated by one electrolyte alone the amounts 
of electrolytes necessary for coagulating a definite volume 
of the sol are in the following proportions LiCl: BaCl* 
— 50‘5 ; LiCl: MgCL—46'6; HC1: MgCl* = 21‘8. Con- 
sequently the coagulation of As,S 3 by a mixture of 

LiCl and BaCl* should show less deviation from the 
calculated results than that obtained in the coagulation 
of the same sol by a mixture of LiCl and MgCl* 

because the coagulating power of MgCl* is not as widely 
divergent as that of BaCl* from LiCl. In other words 
the behaviour of MgCl* as a coagulating agent towards 
As,8 3 is more akin to LiCl than that of BaCl, to 

LiCl, hence it is expected that with a mixture of LiCl 

and MgCl, in the coagulation of As,S 3 more of additive 

relationship should be noticeable than in the coagulation 
of the same sol by LiCl and BaCl* . As a matter of 

fact however the results obtained by Weiser are otherwise. 
The coagulation of As*S 3 by a mixture of MgCl, and 
LiCl shows a greater divergence from the additive rela- 
tionship than with a mixture of BaCl 2 and LiCl in all 
the data of Weiser (Compare Weiser Jour. Phys. Chem. 
1924, 28 p. 239, tables 7 and 8). More or less, similar 
results have been obtained by Freundlich and Seholz. 
These results seem to be anomalous. On the other hand 
the results obtained by Weiser with a mixture of HC1 

and MgCl, seem quite normal. The coagulating ratio of 

MgCl, to HC1 towards As,S 3 is only 21 '8; in other 
words HC1 is a much better coagulating agent than LiCl. 
We have already emphasised that additive relationship 
are obtained with mixed electrolytes when the coagulating 
powers of the electrolytes are of the same order. Conse- 
quently in the coagulation of As,S 3 by a mixture of 
HC1 and MgCl, we ought to get more of additive 
relationship than with either LiCl and BaCl* or LiCl 
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and MgCl*. The results of Weiser actually confirm the 
above conclusion. 

Weiser has observed 41 it will be noted that LiCl 
has a more marked effect on the precipitation value of 
MgCli than of BaCI*. This is exactly one would expect 
in view of the fact chat the adsorption of Mg 00 ions is 
not so great as that of Ba ion as evidenced by the 
higher precipitation value of MgCl* 

If we accept the above statement of Weiser we 
should have also observed the marked effect of univalent 
salts like NH 4 C1 in the coagulation of arsenious sulphides 
by HC1 because the amount of adsorption of NH 4 ion 
and H ion should be more or less identical and should 
influence each other a great deal; as a matter of fact 
experimental results show that the precipitation values of 
NH 4 C1 and HC1 towards As a S 3 sol are more or less 
additive. Similarly it is difficult to understand according 
to the point of view of Weiser why additive relationships 
are obtained in the coagulation of As*S s by a mixture 
of BaGl 3 and MgCl 2 , because the adsorption of Ba 00 and 
of Mg 00 would be affected by each other. 

In a recent paper Frankfert and Wil kins on [Jour. 
Phys. Chem. (1924,) 28 p. 651] have studied the adsorp- 
tion of ions by copper ferrocyanide. They have observed 
that when copper ferrocyanide is shaken with KC1, KNO , 
or K 2 S0 4 the filtrate is acid, whilst the filtrate after 
shaking with barium nitrate is practically neutral and 
with aluminium salts the filtrate is alkaline. Borne of the 
results obtained by the above authors seem very peculiar 
and we are making experiments on the adsorption of 
substances by copper ferrocyanide. 

In the foregoing papers we have proved that Mn0 3 
which is a negatively charged sol can adsorb the basic 
part from salt solutions leaving the filtrate' acid in all 
cases, whilst Ba S0 4 , Fe(OH) s , Cr (OH)* etc. which are 
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positively charged can adsorb the acidic portion of the 

salt solution leaving the filtrate alkaline. Similarly free 
silica [Glixelli. Compt. rend 176 , 1714, (1923)] can adsorb 
basic portion of the salt solution setting free the acid. 
Moreover, Weiser has shown that when a solution of NaCi 
is shaken with freshly precipitated Cu(OH) 2 alkali is 
set free. We have also shown that when a sol of mastic 
is coagulated by KC1, acid is set free. The results of 

Linder and Pieton on the generation of acids by the 
coagulation of As 2 S 3 sol by neutral salts are well 
known. Similarly, acid is set free when Sb 2 S 3 sol is 

coagulated by KOI, BaCl 2 etc. It seems clear therefore 
that negatively charged sols when coagulated by a salt 
can set free acid in the. filtrate whilst positively charged 
sols give out alkali in the filtrate. Copper ferroeya- 
nide as ordinarily prepared is negatively charged. But the 
amount of charge is extremely small as we have repeated- 
ly seen in cataphoretic experiments that the sol move' 
extremely slowly under the influence of electrical force. 

Hence the sol readily coagulates by the adsorption of a 
very small quantity of positive ions and at the same 
time the precipitated substance can also adsorb negative 
ions because of chemical affinity of the sol for negative 
ions and can again pass into a negatively charged sol. 
Moreover the substance is likely to form a positively 
charged sol by the preferential adsorption of positive ions 
from an electrolyte. With KOI the sol gets coagulated 
by the adsorption of K° ions setting free HCL If potassium 
ferrocyanide is added to the sol of copper ferrocyanide, at 
first the sol may be coagulated by the adsorption of positive 
ions ; immediately the neutralised particles will re-adsorb 
ferrocyanide ions because of the ehemeial affinity of the 
neutralised particles for the ferrocyanide ions setting free 
alkali. Frankfert and Wilkinson have added alkali to 
make the aluminium salts neutral. Apparently they have 
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got in their aluminium solutions negatively charged 
A1(0H) 3 peptised by OH' ions; consequently when 
copper ferrocyanide is added to such a mixture the 
aluminium hydroxide gets coagulated as we have repeatedly 
observed leaving free the caustic alkali. That is why 
the above authors have always got alkali in their aluminium 
salts. If a pure solution of A1C1 S or A1 (N0 3 )» is 
used with copper ferrocyanide free acid is liberated in 
the coagulation in addition to the acid already existing 
in the solution due to hydrolyis of aluminium salts. 
The negatively charged copper ferrocyanide adsorbs aluminium 
ions from Al salt solutions and sets free an equivalent 
amount of acids, as there is very little preferential adsorption 
of Cl or NOs ions. 

Prussian blue, mastic etc. should behave like copper 
ferrocyanide because these substances are usually very 
feebly charged and are of an amphoteric nature. 

In a previous paper [ Chatterji and Dhar. Kolb 
Zeit S3, 18, (1928) ] we have investigated the effect of 
neutural salts on the adsorption of copper and iron from 
solutions of copper sulphate and ferric chloride by hydrated 
manganese dioxide. Sodium chloride in normal or double 
normal concentrations has got very little effect on the 
adsorption of copper, whilst ammonium chloride has a 
very small depressing effect. Sodium sulphate in normal 
solutions has a slight repressing effect. Ammonium 
sulphate in increasing concentrations decreases adsorption 
and the same effect is observed with KC1. The effect 
of an addition of dilute HN0 3 is to depress the adsorp- 
tion of Ag ion from AgN0 3 by hydrated MnO*. 

Substances like canesugar and alcohol which decrease 
the surface tension of water also decreases the adsorption 
of silver from AgN0 3 by hydrated MnO*. 

Linder and Picton [Jour. Chem. Son 66, 68, (1895)] 
have shown that when As s S 3 is precipitated BaCl, 


STUDIES IN ADSORPTION 


329 


or SrCl* the metallic radicles are adsorbed by the 
coagulated substance. If the coagulated sulphide is 
shaken with KC1 or NaCI the adsorbed metal is dis- 
placed by Na° or K° and comes out in the solution. 
We have found that hydrated MnO* containing some 
adsorbed copper losses its copper when shaken with KOI 
or NaCl or the aqueous solution of any other elec- 
trolyte. 

It appears therefore that the adsorption by hydrated 
MnOj will depend mainly on two factors (1) the 
adsorbability of the positive ion and (2) on the concen- 
tration of the ion which is going to be adsorbed. From 
our experiments on hydrated MnO* we find that from 
equivalent solutions of NaNO s and AgNO s more of silver 
is adsorbed than sodium, but adsorbed silver can be 
displaced by sodium by shaking hydrated MnO* containing 
silver with a large excess of NaNOs. In other words 
the tendency of silver ions to be adsorbed by MnO, in 
greater quantity than Na ion is counteracted by the large 
concentration of Na ion. Bearing the above facts in 
mind the following observation of Freundlich and Scholz 
would be very interesting. “ At the first glance, our 
observations seem to be different in certain respects from 
this kind of biological action of electrolytes and from the 
ionic antagonism observed by Neuschloz [Pfiuger’s Arch., 
181 , 17, 1920) ] using Lecithin sol. In both of the latter 
cases it was frequently observed that the action of univalent 
cations could be nullified by the addition of divalent 
cations while with sulphur sol the action of divalent cation 
was decreased under the influence of univalent cations. 
This is probably only a superficial difference. The 
coagulation of the sulphur sol is realized only at such 
concentrations of univalent cations that small concentrations 
of divalent cations cannot annul their influence by 
displacing the adsorption. If we had studied smaller 
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concentrations of univalent cations, we could have nullified 
their effect by divalent cations.” 

These conclusions of Freundlich are in agreement, 
with the experimental observations already cited with hydrated 
MnOsj AsjBs and Sb*S s sols. 

[Lillie: Am. J. Physiol, 10, 483, (1904) ] has 
shown that cilia of the larva of a ringworm Arenicola, is 
liquefied by a solution containing sodium ion ; the addition 
of a small amount of divalent cation stops this process. 
We can explain the above fact and other biological salt 
antagonism in the following way The cells in the larva of a 
ringworm (or any other animal matter) is of an albuminious 
nature and like albumen either weakly negative or weakly 
positive or may be neutral. We can assume that the cells 
are neutral or charged very slightly negatively, in presence 
of sodium chloride the cells would adsorb Cl' ions due 
to chemical affinity and would become negatively charged 
and the larva would pass into liquid state. Now the 
addition of a little bivalent calcium ion would neutralize 
negative charge and would re-establish the original con- 
ditions of the larva. There is a chemical analogy of 
this phenomenon of change of mobility due to an adsorp- 
tion of ion, when sodium hydroxide is gradually added 
to a fairly concentrated solution of copper sulphate ; 
copper hydroxide which is formed must be positively 
charged due to the adsorption of Cu ions, and the * 
mixture is very mobile. If the addition of alkali is 
continued, a certain stage appears when the mobility of 
the system decreases considerably and a viscous bulky 
precipitate of cupric hydroxide is obtained. At this 
stage the whole of the copper is precipitated and the 
hydroxide is practically neutral. If more alkali is added 
the mixture becomes again mobile and the copper 

hydroxide becomes negatively charged due to the adsorp- 
tion of OH ions and the precipitate become less bulky. 
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Similar observations can be made in the precipitation of 
other hydroxides (ef. Sen and Dhar Kolloid Zeit 88, 
193, 1923). Moreover Dhar has shown that ions occupy less 
volume than undissociated molecules (Dhar, Zeit. Elektro. 
Chem. 19, 748 1913). 

Ringer [Journal of physiol 4 29, 222, (1882) ] has 
shown that when the heart of a frog was perfused with a 
solution of sodium chloride, isotonic with the blood, the 
beats gradually diminished in extent and ultimately ceased. 
If calcium chloride were added to the sodium chloride 
solution when the heart had ceased to beat, the excitability 
to stimuli returned and was soon followed by spontaneous 
beats. 

In this case also we can assume that the chlorine 
ion from the sodium chloride solution is first taken up 
by the cells of the heart and becomes negatively charged. 
The addition of Ca ions neutralises the charge and makes 
the heart more or less normal. It seems probable, therefore, 
that physiological salt antagonism is caused by the pre- 
ferential adsorption of an univalent ion and its subsequent 
neutralisation by the bivalent oppositely charged ion or 
vice versa. It must be emphasised that animal cells are 
of a colloidal nature with large surface behave more or 
less like amphoteric substances and can readily take up 
either a feeble positive or a negative charge due to the 
adsorption of an ion. 

Loeb and co-workers, [Pfluger’s Arch 97, 394, (1903); 
Biochem. Zeit 32, 308, (1911) ] Osterhant [Bot. Gazette 42, 
127, (1906)] and others have shown that a marine Gammarus, 
Fundulus etc. can only live in a mixture of rSTaCl, KC1 
and CaCl a and sometimes in a mixture of NaCl, KOI, CaCl 2 
and MgCla are necessary. 

In order to throw light on physiological salt antagonism, 
we are investigating the coagulation of various sols and 
adsorption by mixtures of two and three electrolytes. 
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Summary. 

1. Negatively charged stannic hydroxide has been 
obtained by the addition of SnCl* to a dilute solution of 
caustic soda and subsequent dialysis. The coagulation of 
the above sol by different electrolytes has been investigat- 
ed. It has been found that the coagulation follows 
Schulze-Hardy law with the exception of thorium nitrate 

2. The effect of the change in concentration of the 
sol on its coagulation by electrolytes has been investigated. 
It has been observed with this sol that the precipitation 
value of all electrolytes decreases with the decrease in the 
concentration of the sol. This result is in agreement 
with the general rule enunciated in a previous paper that 
the amount of electrolyte necessary for coagulation decreases 
with the decrease in the concentration of colloids, irrespective 
of the valency of the coagulating ion. 

3. The influence of the change in concentration of 
mastic sol towards its coagulation by electrolytes has also 
been investigated. It is found that the behaviour of this 
sol towards dilution is abnormal and precipitation value 
for KCl and BaCl a increases with the decrease in the 
concentration of the sol, whilst in the case of Ai s (S0 4 ) 3 
the precipitation value decreases with the decreasing con- 
centration of the sol. It has been also observed that 
the coagulating power of Ba is only about 7 times greater 
than that of K whilst in the cases of other negatively 
charged sol the coagulating power of Ba ion is approximately 
50 times greater than that of K ion. Hence the sol is 
likely to adsorb an appreciable quantity of chloride ion from 
either KCl or BaCl a . This adsorption of ion carrying the 
same charge as colloid particles can explain the abnormal 
dilution effect with KCl and BaCl a and the very low 
coagulating power of BaCl a towards mastic. 

4. Preliminary experiments on the influence of 
dilution on the coagulation of Prussian blue by monovalent 
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KC1 and bivalent BaCl 2 have been made. It has 
been found that the sol shows an abnormality towards 
dilution with KC1 and is normal with BaCl a . Weiser and 
Nicholas (loc. Cit) have, however, obtained normal behaviour 
with KC1 towards dilution of this sol. 

5. Coagulation experiments have been made with 
Sb a S 3 mastie stannic hydroxide (negative), Prussian blue, 
ferric-hydroxide (negative) and chromium hydroxide (nega- 
tive). The behaviour of negatively charged stannic hydro- 
xide, ferric hydroxide and chromium hydroxide is normal ; 
in other words practically additive relationship of precipi- 
tation value has been obtained with the above hydroxide 
sols when precipitated by mixture of electrolytes having 
widely varying precipitating powers. On the other hand 
Sb a S 3 , mastic and Prussian blue behave abnormally 
with mixture of electrolytes ; in other words, the 
precipitation values of mixture of electrolytes of widely 
varying precipitating powers are always greater than the 
additive values. 

6. The phenomenon of acclimatization can be ex- 
plained from the point of view that colloid particles can 
adsorb ions carrying the same charge as the colloid. It 
follows, therefore, that AS a S 3 , Sb a S 3 , mastic etc. which 
are known to absorb negative ions markedly should show 
this phenomenon of acclimitization more markedly than 
Fe(OH) 3 positive and negative, Cr(OH) s positive and 
negative eta, which hardly absorb ions carrying the same 
charge. Experiments of Freundlich and Weiser show that 
AS a S s sol shows this phenomenon of acclimatization to a 
greater extent than the positive Fe(OH) 3 sol. Our preli- 
minary experiments also show that this phenomenon is very 
marked with mastic sol than with negatively charged 
Fe (OH),. 

7. We are of the opinion that the three phenomenon 
(a) abnormality of the sols to follow the general dilution 
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rule, (6) abnormal behaviour towards mitxure of electrolytes 
and (c) the phenomenon of acclimatization are essentially 
connected and are mainly due to the adsorption of ions 
carrying the same charge as the sol. Thus As 2 S 3 , Sb 2 S,, 
S (Odbnj mastic and Prussian blue behave abnormally 
towards dilution as well as with a mixture of electrolytes. 
Moreover, the phenomenon of acclimatization has been 
found to be more pronounced with AsiS 3 , mastic etc., 
than with Fe (OH), negative and positive. 

8. It appears that the effect of ageing of sols is 
more pronounced with sols like Sb a S 3 , As a S 3 etc. when 
coagulated by univalent salts like NaCl, KC1 etc. 

9. When Sb 4 S 3 sol is coagulated by a mixture 

of KC1 and BaCU the adsorption of Ba 00 ion is decreased 
to a great extent (55 % ) due to the presence of K° ion, 

and the adsorption of K° ion is also decreased due to the 

presence of Ba ion. The sum of the adsorption of K' and 
Ba 00 ion expressed as equivalents is greater than the 
adsorption of Ba ion when coagulated by BaClj alone 
but less than that of K° ion when coagulated by KOI alone. 
This has been explained from the view that ions of high 
precipitation value are more adsorbed than ions of low 
precipitation value. 

10. “Ionic antagonism” need not be confined to 

cases where sols are coagulated by a mixture of electrolytes 
of widely varying coagulating powers. A certain amount 
of ‘ionic antagonism’ should be noticeable when sols 

like As,S», Sb*S 3 etc. are coagulated by univalent elec- 
trolytes. 

11. Certain cases of physiological salt antagonism 
has been explained from the point of view of adsorption 
of negative ions by animal cells. 
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Influence of ions carrying the same charge as the 
sol on the coagulation of sols of (i) Prussian blue, and 
of (ii) positive ferric hydroxide. 

S. GHOSH and N. R. DHAR. 

In foregoing papers of this series [(Sen, Ganguly and 
Dhar, Jour. Phys. Chem. 28, 313, ( 1924); Dhar, Sen arid 
Ghosh, Jour. Phys. Chem. 28, 457, (1924) ; Sen and Dhar, 
Koll Zeit. 84, 262, (1924); Ghosh and Dhar, Koll Zeit. 86, 
144, (1924); same journal (1924),], the influence of ions 
carrying the same charge as the colloid particles on the 
coagulation of sols has been studied and its importance 
in the explanation of various phenomena in colloid 
chemistry has been emphasised. In the previous paper 
of this series [Jour. Phys. Chem. (1925)] we have arrived 
at the following conclusions: — 

(i.) The abnormal dilution effect shown by such sols 
as As a S a , Sb a S 3 , mastic etc., when coagulated by monovalent 
electrolytes like KC1, LiCl etc., {viz., more of these 
electrolytes is necessary to coagulate a dilute sol than a 
concentrated one) has been attributed to the fact that these 
sols can adsorb the ions carrying the same charge as the 
colloid particles. 

(ii.) The abnormal behaviour shown by these sols with 
mixtures of electrolytes (viz., the precipitation values of 
mixture of electrolytes of widely varying precipitating 
powers are greater than the additive values) is also explained 
from the same point of view, so that a sol is partially 
stabilised by the adsorption of ions carrying the same 
charge as the colloid particles, 
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(in) The phenomenon of acclimatization has been 
explained from the point of view that colloidal particles 
can adsorb ons carrying the same charge as the colloid. 
It follows therefore that such sols as As a S s , SbjSs, mastic 
eta, which are known to adsorb negative ions show this 
phenomenon more markedly than Fe(OH) s positive and 
negative, Cr(OH) 3 positive and negative etc., which hardly 
adsorb monovalent ions carrying the same charge as that 
on the sols. 

We are of the opinion that the three phenomena (a) 
abnormality of sols to follow the general dilution rule, (b) 
abnormal behaviour with a mixture of electrolytes of widely 
varying precipitating values, and (c) the phenomenon of 
acclimatization are essentially connected and are mainly 
due to the adsorption of ions carrying the same charge as 
the sol. From all the data available from our experiments 
as well as those of other workers in this line it has been 
found that those sols, which are normal towards mixed elec- 
trolytes also show normal behaviour on dilution. Moreover 
it has been proved with mastic sol (Ghosh and Dhar, loc. cit) 
and arsenic trisulphide sol [Freundlich Zeit. Phys. Chem. 
44, 143, (1903) ; Weiser, Jour. Phys. Chem. 26, 399, (1921) ] 
which show abnormal behaviour towards dilution when 
coagulated by KC1, LiCl etc., towards a mixture of electrolytes, 
and also show the phenomenon of acclimatization more 
markedly than positively charged ferric hydroxide (Fre- 
undlich, loc. cit and Weiser, loc. cit) and negatively charged 
ferric hydroxide. 

From a few preliminary experiments on Prussian blue, 
we concluded that the sol behaves abnormally towards 
KC1, LiCl etc., on dilution and is also abnormal towards 
a mixture of electrolytes. On the other hand, Weiser and 
Nicholas [Jour. Phys. Chem. 26, 743, (1921)] have 
observed that this sol shows a normal behaviour towards 
KCI on dilution. It will be observed from their data that 
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the amounts of monovalent electrolyte necessary to 
coagulate strong and dilute sols are not very different when 
compared with the amounts of electrolytes like KC1, KBrOs 
etc., necessary to coagulate concentrated and dilute sols of 
positively charged ferric hydroxide, which may be consi- 
dered as one of the typical normally behaving colloidal 
solution. 


Table I 

Precipitation of Prussian blue colloid. 


Concentration of colloid. 

['■ 

Precipitation values. 

100% 

i KOI 

Bad., 

Aid 3 

(8 gnus, per litre) 

i 89 ’6 

4‘25 

2'20Q 

75% 

87'5 

333 

1'625 

50% 

854 

215 

1125 

25% 

81*2 

216 

0-500 

10% 

77'1 

167 

0208 


Table II. 

Precipitation of ferric oxide colloid. 


Concentration of colloid. 


Precipitation values. 


KBrO a 

K a so* 

K.FefCN^ 

100 % 

40’1 

0-68 

0'57 

(1‘7 grin, per litre) 

50 % 

34'4 

041 

0‘30 

25 % 

28-0 

025 

016 

12'5 % 

25 ’0 

016 

008 


It will be observed that the amount of the monovalent 
electrolyte KC1 necessary to coagulate Prussian blue decreases 
to about \0% when the sol is diluted 4 times, whilst 

43 
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the amount of monovalent electrolyte KBrO* necessary to 
coagulate positively charged ferric hydroxide decreases to 
more than 25 ^ for the same dilution. 

In this paper we have carefully investigated the 
dilution effect, the phenomenon of acclimatization, and the 
action of mixed electrolytes with Prussian blue. We have 
also investigated the influence of stabilising ions on the 
coagulation of positively charged ferric hydroxide sol. More- 
over, we have also observed the effect of KOH and several 
non-electrolytes on the coagulation of arsenious and 
antimony sulphide sols by electrolytes. It is well-known 
that freshly precipitated ferric hydroxide, chromium hydroxide 
eta, can be peptised by the specific adsorption of Fe, 00 ° 
Cr, 000 Al 000 ions etc., by the hydroxides from solutions of 
ferric chloride, chromium chloride, aluminium chloride etc. 
It seems probable therefore, that the adsorption of these ions 
should follow the ordinary adsorption laws. Now when 
FeCl 3 is first added in small quantities to a Fe(OH) 3 
sol the colloid particles, due to chemical affinity, will adsorb 
some similarly charged Fe 000 ions. The percentage of Fe°°° 
adsorption is high as the solution of FeCl 3 is very dilute, 
so that the equivalent amount of oppositely charged ions 
(Cl') has practically no precipitating action. Now as the 
amount of FeCl 3 is gradually increased the adsorption of 
positively charged ferric ion reaches a saturation limit and 
the precipitating ion (Cl') which also increases in concentra- 
tion tends to overcome the peptising effect of Fe 000 ions and 
coagulates the sol. 

If the sol is now diluted say twice the amount of 
adsorption of Fe 000 ion by the sol is not actually halved ; 
on the other hand, the amount of the adsorption of chlorine 
ions by the colloidal particles is practically halved, as this 
adsorption is mainly due to the electrical attraction. Conse- 
quently the total effect is that Fe 000 ion shows a greater 
peptising effect than the precipitating influence of the oppositely 
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charged chloride ion, when the same amount of ferric 
chloride is added to a diluted sol of ferric hydroxide than 
to a concentrated sol. Hence more of FeCl, is necessary 
to coagulate the dilute sol than a stronger one. When 
ferric chloride is added to a sol of ferric hydroxide it 
will adsorb both the ions, but the chlorine ion is adsorbed 
more than the ferric ion because the sol is actually co- 
agulated by the electrolyte. It seems very likely that the 
ratio of the adsorption of negative to that of the positive 
ion gradually become smaller and smaller and approaches 
unity and in certain cases, the ratio may be less than unity. 
That is why more and more FeCl 3 is necessary to co- 
agulate a dilute sol of ferric hydroxide than a concentrated 
one. 

Ferric hydroxide has chemical affinity for Fe°°° ions 
and can readily adsorb them. It is possible that when 
small quantities of FeCl s is added to a sol of Fe(OH) 3 
such that no coagulation takes place, the amount of ferric 
ion adsorbed is slightly greater than that of chlorine 
ion and hence the sol becomes more stable towards KC1. 
This effect will be greatly diminished if the adsorption of 
ions carrying the same charge as the colloid particles is 
extremely small or the precipitating effect of the oppositely 
charged ions is very great. A similar line of argument was 
advanced in the explanation of the abnormal dilution effect of 
sols like AsjS s , Sb 2 S 3 etc., towards KC1, LiCl etc., [compare 
Sen and Dhar (loc cit)]. It is known that As,S s , Sb*S* 
etc., adsorbs appreciable amounts of chloride, nitrate, sulphate 
ions eta, so that more of monovalent K from KC1 is 
necessary to coagulate a dilute sol than a stronger one, 
on the other hand the effect is not so marked with 
electrolytes of bivalent cations like Ba°°, Mg 00 etc., and 
still so with trivalent cations like Al 000 , La 00 °, Ce 000 eta, 
where very small quantities of electrolytes bring about the 
coagulation and the stabilising action of Cl', NO/, SO** 
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is compensated by the greater precipitating action of Ba°°, 
Ai 000 etc., than monovalent EL°, Li° etc. Consequently it 
seems probable that when coagulation of sols is effected 
by electrolytes of which both the ions can be adsorbed by 
the sols, we are likely to get (i) abnormal dilution effect, 
(ii) abnormal behaviour towards a mixture of electrolytes 
and (m) phenomenon of acclimatization. 

In the following experiments we will show that 
Fe(0H) 3 sol which behaves normally in its coagulation 
by KC1, KBrO s etc., is abnormal when coagulated by 
FeCls, A1(N0 3 )s etc., because from these electrolytes both 
the positive and the negative ions are appreciably adsorbed 
and the ratio of the adsorption of negative ion to that of 
positive ion decreases with the decreasing concentration of 
the sol ; just as in the coagulation of As 2 S 3 , Sb*S 3 , 
mastic etc., by KC1, LiCl etc., the ratio of adsorption of 
positive to negative ion decreases with the decreasing concentra- 
tion of the sol. 

On the other hand, sols like As,S 3 , Sb a S 3 etc., 
which behave abnormally on dilution when coagulated by 
KC1, NaCl etc., should behave normally when coagulated 
by an electrolyte of which mainly the positive ion is 
adsorbed by the sol. Our results on the coagulation of 
As 2 S 3 sol by AgNOs prove that the coagulation of this 
sol follows the general dilution rule, when coagulated by 
AgNO,. 

EXPEKIMENTAL. 

Prussian blue : — 

The sol is prepared by precipitating Prussian blue 
from a solution of FeCl 3 by potassium ferroeyanide and 
washing the precipitated mass with distilled water. The sol 
is obtained as a filtrate and can be made a concentrated one. 
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The sol is dialysed through a parchment paper for seven days 
when it is free from ferroeyanide. The sol made up to 
5 c.c. in clean tubes, is mixed with the electrolyte made 
up to 5 c.c. in another tube and kept for two hours 
when complete coagulation and clearing at the top of the 
mix ture are observed. A series of experiment were carried 
out by the addition of electrolytes near the precipitation 
value and the exact precipitation value is found out 
with great care. It will be very interesting to note 
that this sol even after coagulation can again pass to the 
colloidal state on dilution and is extremely sensitive to 
shaking. With special care coagulation and complete 
clearing at the top of the mixture in a definite time 
can be reproduced with the same concentration of the 
precipitating electrolyte and the sol. 

Table III. 

Strength of Prussian blue sol = 2‘88 grins per litre; 
sol A = 1 c.c. of the sol made upto 10 c.c. 


Volume =10 c.c. ; Time =2 hrs. 


Cone, of the sol. 

KOI f 

BaCl, 

Al(NO,)j^ 

A 

170 

1’05 

0'90 

A 

2 

1*80 

095 

0'5O 

A 

“7 10 

2’00 

0'80 





1 


In order to be absolutely certain that the results 
obtained in the previous table are reproducible and valid 
for all samples of Prussian blue sols, a fresh sol of 
Prussian blue was prepared. This sol was dialysed for a 
week and freed from electrolytes. The sol was coagulated 
by KC1 at two different dilutions and the following results 
were obtained. 
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Table IV. 


Strength of the Prussian blue sol =276 grins per 
litre; sol A = 1 e.c. of the original sol made upto 10 c.c. 
Volume = 10 c.c. ; Time =20 hours. 


Concentration 
of the soL 

N 

f Amount of KC1 "T 

4 

require! to coagulate. 

A 

2*30 c.c. 

A 


2 

2*40 c.c. 

Hence with this sample 

of the sol also we find 


that the diluted sol takes more of KC1 for coagulation 
than a concentrated one. 

Weiser and Nicholas (loc. cit) have reported that 
the sol of Prussian blue prepared by them contained free 
potassium ferroeyanide. We are trying to find out whether 
the difference between our results and those obtained by 
the above authors' can be attributed to free K 4 Fe(Cn) s . 

In the following tables the results are given as 
obtained when Prussian blue sol is coagulated by a mixture 
of various electrolytes. 

Table V. 

Coagulation of Prussian blue sol by a mixture of 
KC1 and Baa,. 

Volume =10 c.c. ; Time =2 hours. Amount of sol 
taken each time=l c.c. 


N 

KClj 
added c.c. 

^ rn N 
BaClg 5q 

added c.c. 

N ! 

BaUs 50 i Difference. 

Calculated c.cJ 

! 

Percentage 
of the 
difference. 

0 

105 


1 


1‘8 

0 


i 


01 

1-25 

0’98 

+ 0 - 27 

28 

0'3 l 

i'35 

0'88 

+ 0'47 

54 

0’6 

| 1’30 

0-70 

+ 0C.0 

86 

0'8 

! 115 

0-58 

+ 0-57 

98 

l'O 

0‘80 

0‘47 I 

+ 0'33 

70 

1‘40 

045 

0‘23 i 

+ 0‘22 

96 
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Table VL 

Coagulation of Prussian blue sol by a mixture of KC1 
and HC1. 


H«I 

added c.c. 

KCl | added 

C.C. ■ . 

N 

KCl 2 Cal- 
culated C.C. 

Diffei-ence. 

Percentage 
of the 
difference. 

0 

1‘80 




r9 

0 




01 

12 

171 

— 0*5 1 

30 

0'5 

075 

1'33 

-0*58 

43 

ro 


0'85 

—0*35 

41 

17 

010 j 

i 

019 

— 0'09 

46 


Table YII. 

Coagulation of Prussian blue sol by a mixture of 
KNO s and HN0 3 . 


HNO s N 

KN0 3 N 

kno 3 n 


Percentage 

5 

4 

4 

Difference. 

of the 

added c.c. 

added e.e. 

Calculated c.c. 


difference. 

0 

19 

01 

0'5 

2‘00 

0 

13 

1-89 

-0'59 

,j 1111 

: 

31 

075 

1'37 

—0-62 

45 


Table VIII. 


Coagulation of Prussian blue sol by a mixture of 
KC1 and KNO s. 


KNOa N 

4 

added c.c. 

KCL N 

4 

added c.c. 

KCL N 

4 

Calculated c.c. 

I 

Difference. 

Percentage 
of the 

| difference. 

0 

1*8 




2'0 

0 





1*45 

1*35 

+010 

7 

Bilra 


09 

4-0*0 

0 

1*5 

04 

0 45 

—0*05 

11 

1‘9 


0*09 | 


11 


i 
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Table IX. 


Coagulation of Prussian blue sol by a mixture of 
BaCl a and MgCl 2 . 


MgOls N 
50 

added c.e. 

BaCl s N 
50 

added c.c. 

BaGl 3 N 

50 

Calculated c.c. 

Difference. 

Percentage 
of the 
difference. 

0 

1-05 




270 

0 


1 


0*2 

roo 

0*97 i 

+0*03 

3 

0 - 8 

0*8 

074 

+ 0-06 

8 

14 

0-6 

0‘51 

+ 009 

L_^I 


Table X. 

Coagulation of Prussian blue sol by a mixture of 
BaCl a and Al(NO s ) 3 - 


BaCla N 

50 

added c.c. 

A1 (N0 3 ) 3 N 
400 

added c.c. 

A1 <3ST0 3 )a N 

400 

Calculated c.c. 

Difference. 

Percentage 
of the 
difference. 

0 

0'90 



■ 

t 

1*05 

0 




O’lO 

0*90 

; 0‘82 I 

+ 0*08 

10 

0*30 

075 

0-64 

+ 0*11 

17 

0'50 1 

0*55 

I 0'47 

+ 008 

17 

070 

■ ++ -.y ■ y+yj 

0-30 

0'25 1 

i 

+ 0*05 

j 

20 


Acclimatization of Prussian blue colloid and posi- 
tively charged ferric hydroxide sol. 

The following results were obtained on the acclimatization 
of Prussian blue colloid towards KC1 and BaCl* : — 

When 1'80 c.c. 7 KC1 is added to a sol of Prussian 
4 

blue (1 c.e. of the original sol made up to 8 c.c.) all at once 
complete coagulation occurs within 2 hours. The precipitation 
was, ' however, not complete in 2 hours after adding the 

1ST 

electrolyte, if 1*8 c.c. -KOI is added to the same amount 
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of the sol in 70 hours, 0*2 e.c. of the electrolyte being 

N 

added at a time. Bv adding 0'4 c.e. - KC1 more and 

4 

allowing the sol to stand undisturbed for 2 hours, the 
complete coagulation is effected. 

XT 

When 1-05 c.c. — BaCl* is added all at once the 
50 

complete coagulation of the colloid (1 e.c. of the sol made 
upto 9 c.c.) occurs within 2 hours. If, however, the addition 
"NT 

is slow and l c.e.^rBaCl a is added in 70 hours, 01 c.c. of 
*50 

the electrolyte being added at a time, complete coagulation 
does not occur in 2 hours after the last addition of the 

electrolyte. On adding 01 c.c. ^ BaCl, more and allow- 
ing the colloid to stand for 2 hours complete precipitation 
is observed. 

The following results were obtained on the acclima- 
tization of positively charged ferric hydroxide sol by 
Al(N0s)s and KBrO s 

When 5*0 c.e. of If Al(NO s ) s is added all at once 
to 7 c.c. of ferric hydroxide sol containing 1*034 grms. of 
Fe»0» per litre complete coagulation occurs after 24 hours, 
w hils t the same amount of the sol requires 5*4 c.c. to 
completely coagulate the sol in 24 hours after the last 
addition of the electrolyte, when the addition is effected 
in 120 horns, 0*3 c.c. of the electrolyte being added at a time. 
When the sol of ferric hydroxide is coagulated by 

KBrOs - 7 -, 7 e.c. of Fe(OH) s containing 1*034 grms. of 

FeiOs per litre takes 2*1 c.c. of the electrolyte to completely 
precipitate iD 24 hours. It has, however been observed 
•that if the addition of the electrolyte is effected in 

72 hours, complete coagulation occurs with 2*1 c.c. ~ 

KBrOs. 
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It will be seen from the results of the experiments 
on acclimatization that the phenomenon is marked with 
Fe(OH) 3 sol towards A1(N0 3 ) 3 , whilst it is not at all 
observed towards KBr0 3 . 

Effect of dilution on the coagulation of As 2 S 3 
sol with AgNO % . 

The arsenie sulphide sol is prepared by the method 
already given in a previous communication (see Ghosh 
and Dhar, loe. cit). The following table gives the 
results. 


Table XI 

Sol A=0'41 grms. of As*S» per litre. Volume=10 c.e. 
Immediate coagulation is observed. 


Concentration of the soL 

Amt. of N/4'88 AgNO, to 
coagulate. 

A 

070 c.c. 

A/4 

0‘20 c.c. 

A/10 

0*10 c.c. 


It has been already remarked in this paper that 
As a S 3 requires more of univalent salts like KC1, NaCl 
etc., to coagulate a dilute sol than a concentrated one. 
It will be interesting to observe from the above table 
that the amount of AgN0 3 required for complete 
coagulation decreases with the decreasing concentration of 
the sol. 

Freundlich [Kapillarchemic page 576, (1922)] has 
shown that univalent organic cations of morphine hydro- 
chloride, aniline hydrochloride behave as far better 
coagulating agents than KC1, LiG etc. in the coagulation 
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Table XIII. 


Amount of sol taken each time = 2 e.e; volume =10 c,e. 
Immediate turbidity is observed. 


AWNG,), n 
added c.e. 

K a SO*N/400 
added, c.c. 

— . 

K s SO* N/400 
Calculated 
c.c. 

Difference. 

Percentage of 
the 

difference. 

0 

1*45 




2*3 

0 




0*2 

1*80 

1*32 

0*48 

36 

0*5 

1*75 

1*13 

0*62 

57 

0*8 

1*65 

0*95 

0*70 

74 

1*6 

1*35 

0*44 

0*91 

207 


Antimony sulphide and Arsenious sulphide sols. 


In the following tables results are given as obtained 
when Sb a S a and As 2 S s sols are coagulated by electrolytes 
in presence of KOH and various non-electrolytes. The 
sulphide sols are prepared by the method already described 
in previous communications. 

Table XIV. 

Coagulation of Sb»S s sol in presence of KOH. 
Strength of the Sb 2 S s sol = 37157 grs. pot., antimony 
tartrate per litre. Volume = 8 c.c. ; amount of sol taken =4 
oc. ; Time=-J horn. 


Amount of electrolyte to coagulate. 


Amouni ox 

KOH N/7'35 added 
cc. 

KCl| 

C.C. 

Bad N/125 
c.c. 

ai 3 (so.) 3 

N/166*6 c.c. 

0 

1*25 

0*95 

1*10 

0*1 




(Antimony not pre- 

1*25 

l no 

did not co- 

sent in the filtrate.) 



agulate with 

0*5 



1*10 c.c. 

(Antimony present 

1*35 

0*85 

Do. 

in the filtrate) 
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Table XV. 

Coagulation of Sb a S 3 sol in presence of cane sugar. 
Another sample of Sb»S 3 sol of the same concen- 
tration as in the previous table is used here. 


Amount necessary to coagulate. 



Amount necessary to coagulate. 


Urea M added 
c.c, 


KOI— 


BaCl 2 N/185 

C.C. 


*The sol has turned slightly unstable on standing 
for about 15 days. 


Table XVII. 

Coagulation of Sb a S 3 sol in presence of ethyl 


alcohol. 


Amount necessary to coagulate. 

Ethyl alcohol 98 % 1 77 fen T 

added. KC1N/4 BaCl* N/125 3 

c.c. c.c. c.c. iXfIOOO 
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Table XVHL 

Coagulation of Sb 2 S 3 sol in presence of propyl 
alcohol. 


Propyl alcohol 

Amount necessary to coagulate. 

added 

c.c. 

KOI N/4 

C.C. 

BaCl s N/125 
c.c. 

N 

Al 2 (S0 4 )3i[gg*g 

C.C. 

0 

1*25 

0*95 

1*15 

1 

1*20 

1*10 

1*70 


Table XIX 

Strength of AsiS 3 Sol =3' 134 grs. per litre. 

Amount of sol taken each time =4 c.c.; volume = 8 
c.c.; Time — hour. Coagulation of As 2 S 3 sol in presence 
of cane sugar. 


Cane sugar -—added 

c.c. 

Amount necessary to coagulate. 



KC1-|- 



C.C. 

c.c. 

0 

1*40 

1*75 

1*0 

1*30 

1*70 


Table XX 

Coagulation of As 2 S 3 sol in presence of urea. 


Amount necessary to coagulate. 


Urea M added 
c.c. 


N 

KC1 Y 


c.c. 


0 

2 


1‘40 

1'40 


BaCl 


N 

125 

c.c. 


175 

1'60 
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Table XXI 


Coagulation of As 2 S 3 sol in presence of ethyl alcohol. 


Ethyl alcohol 98 % 
added c.c. 

i ■ 

Amount necessary to coagulation. 

| 

N 

KC1 Y c.c. 

BaCl 2 c.c. 

0 

140 

175 

0*5 

1'40 

2*00 

ro 

T50 

2'20 


Coagulation of Fe{OH) 3 sol by barium sulphate. 

It has been observed in a previous paper (see Ghosh 
and Dhar, loc. cit) that Fe(OH) 3 sol can be coagulated 
by freshly precipitated BaS0 4 . The following table gives 
the result of the effect of dilution on the coagulation of 
Fe(OH) 3 sol by BaSO*. 

Sol A =0*226 grins. Fe 3 0 3 per litre. 


Table XXII 

Amount of sol taken = 8 c.c. 


Concentration of the sol. 

Amount of BaSO* to 
coagulate in gran 

A 

0*8648 grm. 

A 

2 

0*5596 

A 

0*3664 

5 



It will be seen from the above table that the amount 
of BaS0 4 required to coagulate Fe(OH) s decreases with 
the decreasing concentration of the sol. 
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Coagulation of arsenious sulphide by barium sul- 
phate. 

In a previous paper (Ghosh and Dhar, loc. eit) we 
have, determined the coagulation of sulphides of arsenic 
and antimony by freshly precipitated BaSO* free from 
electrolytes. In this paper we have investigated the 
influence of the change of concentration on the coagula- 
tion of As 2 S 3 sol by BaSO* and the following results 
were obtained. 


Table 

XXIII 

Original concentration of As*S s sol =0*81 grm. per 
litre. Sol A =0’5 c.c. made up to 8 e.c. ; Vol = 8 c.c. ; 
Time = | hour. 

Concentration of the sol. 

1 : . 

Amount of BaSO * in grams. 

A 

0*4578 

A 

2 

0*2645 

5si: a i S# 

: 0*1323 


These results prove conclusively that in the coagu- 
lation of As s S* sol by BaSO*, the greater the concen- 
tration of the sol, the greater is the amount of BaSO* 
necessary for coagulation. It will be evident from the 
curve that the amount of BaSO* necessary to coagulate 
AsjSs, Fe(OH) s varies practically directly with the 
concentration of As,S 3 , and Fe(OH) s sols. 

Coagulation of arsenious sulphide by positively 
charged Fe(OH) % sol. 

Moreover we have determined the coagulation of 
As* S 3 sol by a positively charged ferric hydroxide sol 
and the following results were obtained : — 
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Table XXIV 

Strength of AsiS s sol= 0'81 grm. per litre. 

Strength of Fe(OH) 3 sol = 3*62 grms. per litre. 

Sol A =0*5 e.c. AsiSj sol made up to 8 c.e. 
Immediate coagulation is observed. 

Amount of Fe (OH) 3 sol 
to coagulate. 

0*55 c.c. 

0*35 c.c. 

0*20 c.c. 

From the above results it is clear that in this case 
also the greater the coneentratoin of As 4 S s sol the greater 
is the amount of positively charged Fe(OH) 3 colloid 
necessary for coagulation. 

Consequently the coagulation of As a S s sol by 
barium sulphate and by positively charged feme hydrox- 
ide is normal towards the dilution, whilst this sol be- 
haves abnormally towards dilution when coagulated by 
KC1, LiCl etc. 

DISCUSSION (A) 

These results of the coagulation of Prussian blue 
confirm our preliminary results already published in the 
previous paper of this series. In other words this sol 
behaves abnormally towards dilution and towards a 

mixture of electrolytes. The behaviour of this sol is 
exactly like that of As s S s sol ; just as a dilute sol of 
arsenic sulphide takes more electrolyte of the type KCI, LiCl, 
etc., for coagulation than concentrated sols, similarly a 
dilute sol of Prussian blue takes more KCI for coagulation 
than a concentrated sol. Our results do not agree with 
*5 . 


Concentration of sol. 



A 

A 

2 
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those obtained by Weieer and Nicholas (loc. cit) who ob- 
served normal behaviour on dilution in the coagulation of 
Prussian blue. The coagulation of Prussian blue by mix- 
tine of electrolytes also behave exactly in the same way 
as the coagulation of arsenious sulphide. Some very peculiar 
results have been obtained in the coagulation of Prussian 
blue by mixture of KC1 and HC1, and KNO s and HNO s . 
From our experiments we find that the precipitation values 
are not additive. In presence of HC1 the amount of KC1 
necessary to coagulate Prussian blue is much less than 
the calculated amount of KC1 necessary for coagulation. 
Exactly, similar results have been obtained by us in the 
coagulation of Prussian blue by a mixture of HNO* and 
KNO s . On consulting the literature we find that more or 
less similar results have been obtained by Linder and 
Picton [Jour. Chem. soc. 67 , 63, (1895)] in the coagulation of 
As»Ss sol by mixture of electrolytes. Their results are given 
in the following tables: — 


Table XXV 


Salt A. 

Volume A. 

Salt B. 

Volume B to 
complete 
coagulation. 

Calculated 
volume 
of B. 

Difference 

NH 4 C1 

4'90 

HCl 

4'20 



NH*C1 

2‘00 

HC1 

2*40 

2-50 

-010 



hno 3 

410 



HC1 

2‘35 

hno 3 

197 

1'80 

+ 017 

HC1 

2-60 

NH*C1 

175 

1*85 

-0*10 



K 2 S0* 

4'40 



' hno 3 

2'00 

k 2 so. 

195 

i 

2*25 

i 

-0*30 
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It will be seen that in presence of HC1 quantities 
of NH 4 CI smaller than the calculated amounts are necessary 
to coagulate the sol. Similarly in presence of HN0 3 
smaller quantities of KjSO* than the calculated amounts 
are required to precipitate the sol, whilst more or less 
additive amounts of HN0 3 and HC1 coagulate the sol. 

Our results on Prussian blue as well as those of 
Linder and Picton can be explained from the following 
considerations : — 

Prussian blue can be hydrolysed according to the equa- 
tion Fe 4 [Fe(CN ) e ] 3 + i 2H 2 0^4Fe(0H ) 3 + 3 H 4 Fe(CN) , . 
This hydrolysis will be checked by the presence of 
acids. The sol of Prussian blue will apparently be 
stabilised by its hydrolysis, specially due to adsorption of 
FeCCN) „ ion. Now checking of the hydrolysis of the sol 
due to the presence of the acids means rendering the sol un- 
stable towards electrolytes. Consequently with small quantities 
of HC 1 or HNOj the sol would require smaller quantities 
of KC1 or KN0 3 than in the absence of acids. From 
our experience on the phenomenon of hydrolysis of 
substances like aniline hydrochloride, urea nitrate etc., we 
know that the checking of hydrolysis by the addition of an 
acid or base is not directly proportional to the amounts 
of acid or base added ; in other words, the checking of 
hydrolysis by the addition of a small amount of an acid 
or base is more marked than when larger amounts are 
added to check the hydrolysis. Thus it has been shown 
by Dhar [Zeit. Anorg. Chem. 86 198, (1924)] that on add- 
ing 13’0358 grams of urea to 125 e.c. N/1516 urea nitrate 
solution, the hydrolysis is checked to an extent of about 
4'6 % per gram of urea present, whilst it is checked to an 
extent of only P33 % per gram of urea when 637416 grains 
of urea are added to the same amount of nitrate solution. 
Consequently when say 0*1 c.c. of HC 1 is added to a sol of 
Prussian blue, the checking of the hydrolysis of a sol will be 
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more marked, than when 1*70 c.c. of HC1 is added to the 
same volume of the sol. when we are considering the 
checking of hydrolysis by a definite amount of HCI; 
in other words in presence of HCi the amount of KC1 
smaller than the calculated quantity will be required to 
coagulate the sol, and this effect will be more marked 
when small quantities of HCI are added. Exactly similar 
explanation is applicable to the results obtained with HNO s 
and KNO s in the coagulation of Prussian blue. Moreover, 
there is the possibility that the activity of H° ion from 
HCI or HNO $ is increased in presence of KC1 or KNO*. 

The results of Linder and Pieton (loc. cit) on the 
coagulation of As 2 S 3 by a mixture of an acid and its 
salt can also be similarly explained. It is well known 
that As*B 3 sol is hydrolysed as in the equation 
AsjSa+BHjO^As jOj+BHjS and this hydrolysis is 
also checked by the presence of acids. In a foregoing 
paper (loc. cit) we have proved that this hydrolysis makes 
the sol more stable towards EC1. Consequently by the 
presence of acids like HCI, HNO s etc., smaller quantities 
of KC1, KN0 3 etc., would be required to coagulate the 
sol of AstSj. 

In our experiments on the coagulation of Prussian 
blue by a mixture of KC1 and BaCl 2 it will be seen that 
the amount of BaCl 2 necessary for complete coagulation 
goes on increasing with the increase in the concentration of 
of KC1 up to a limiting value. After this limiting value 
is attained if the concentration of KC1 is increased, the 
amount of BaCl 2 necessary for complete coagulation goes 
on decreasing. Exactly similar behaviour was observed by 
Linder and Pieton (loc. cit) with As 2 S s sol when 
coagulated by a mixture of KC1 and SrCl 2 and by Weiser 
[Jour. Phys. Chem. 25 , 665, (1921) ,* 28 , 232, (1924)] 
in the coagulation of the same sol by KC1 and BaCl 2 , 
LiCl and BaCl 2 etc. 
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From these results a very interesting point can be 
drawn out. It is well-known that keeping the amount 
ol adsorbent constant the greater the concentration of 
the electrolyte which will be adsorbed the greater is the 
amount of adsorption. Now as the concentration of KC1, 
LiCl etc., is increased the amount of adsorption due to 
chemical attraction of Cl ions goes on increasing and 
consequently the sols like As a S 3 , Sb a S 3 and Prussian 
blue become more and more stable and thus take more 
and more of BaCl„, SrCl a etc., for complete coagulation. 
The adsorption of chlorine ions mainly from KC1 by 
As»S 3 , Prussian blue etc., follows the general exponential 
formula of Freundlich. We have drawn graphs with our 
results as well as from the results of Linder and Picton. 
In these graphs the logarithms of the difference between 
the observed and calculated values is plotted as the 
amounts adsorbed (ordinates) whilst the logarithms of the 
concentration of KC1 is plotted as abscissae. It will be 
seen from the graphs that they are more or less 
straight lines. 

In this paper we have been able to establish a 
very important point on the coagulation of sol by 
electrolytes and this will throw a flood of light on the 
coagulation of sols by different electrolytes. It is very 
interesting to observe that positively charged ferric 
hydroxide, which behaves normally towards dilution when 
coagulated by KC1, KBrO s etc. behaves abnormally towards 
dilution when coagulated by FeCl 3 , A1(N0 3 ) 3 etc. 
Moreover ferric hydroxide is normal when coagulat- 
ed by a mixture KC1 and K a S0 4 whilst it behaves 
abnormally when coagulated by a mixture of A1(N0 3 ) 3 
and K 2 S0 4 . Also this sol hardly shows any acclimatization 
with KC1, whilst it shows markedly the phenomenon of 
acclimatization when coagulated by A1(N0 3 ) 3 . Con- 
sequently our proposition, advanced in the previous 
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paper, in which it was stated, that abnormal behaviour 
towards dilution and towards mixed electrolytes and 
the phenomenon of acclimatization are connected and 
go hand in hand and are mainly due to the adsorption 
of ions carrying the same change as the sol, is highly 
strengthened by these researches. 

The coagulation of As 3 S 3 by KC1, LiCl etc., is 
abnormal towards dilution and we have already indicated 
that this sol is abnormal towards a mixture of electrolytes 
and markedly shows the phenomenon of acclimatization. 
But with AgNO s we have proved that the sol behaves 
normally on dilution. Consequently it seems very likely 
that even this sol will behave normally towards mixture 
of AgNOs and Ba(NO s ), or AgN0 3 and Al(NO s ) s . 
Moreover this sol will' not show the phenomenon of 
acclimatization with AgNOs, Pb(N0 3 ) 3 etc. Of course 
we do not ignore the possibility of the chemical reaction 
between these electrolytes and the sols. 

In a previous paper we have obtained the following- 
results in the coagulation of Sb 3 S 3 sol by Ba(N0 3 ), and 
Pb(NO s ),. 

Table XXVI. 

Strength of antimony sulphide sol (4A)=4 grms. pot. 
antimony tartrate per litre. 

Electrolyte Sol 4 A Sol 2 A Sol A 

Ba(N0 3 )» N /ioo 0'45e.c. 0'5c.e. 0'5c.e. 

Pb(N0 3 ) a N /ioo l'2c.c. 0'8c.c. 0'6c.e. 

It will be evident from the above results that the 
precipitation values of Ba(N0 3 ) a is practically constant 
when Sb 1 S 3 sol is diluted, whilst that of Pb(N0 3 ) a is 
practically directly proportional to the concentration of 
the sol, in other words more concentrated sols require 
greater quantities of Pb(NO s ) a than diluted ones. This 
difference in the behaviour of Ba(NO s ), and Pb(N0 3 ) a 
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is due to the more marked adsorption of Pb ion than 
that of Ba ion by Sb,S 3 sol; in other words the ratio 
of the adsorption of Ba ion to that of NQ 3 ion is 
less than that of Pb ion to N0 3 ion by Sb,S*. This 
behaviour of Pb (N0 3 ) a with Sb a S 3 is more or less allied 
to that of AgN0 3 towards As*S 3 sol as investigated in 
this paper. Consequently it is very likely that in the 
coagulation of Sb a S 3 by a mixture of electrolytes like 
Pb(bT0 3 )i and AIQST0 3 ) 3 more or less additive relationship 
should be obtained and no marked acclimatization be 
observed with Sb a S 3 sol and Pb(NO s ) a . 

In a recent paper Freundlich and Wosnessensky [Koll. 
Zeit. S3, 222, (1923) ] have observed the coagulation of 
Fe(OH) 3 sol obtained (i) by the oxidation of Fe(CO) s by 
H a 0 2 and (ii) by hydrolysis of FeCl 3 solution. The 
following results have been obtained by them. 



: Precipitation value 

Precipitation value 

Electrolyte. 

with Fe(OH) 3 sol 

with Fe(OH) 3 sol 


from Fe (CO) s 

from FeCl 3 

KCI 

5 '4 

240 

MgCl* 

2 

5‘6 

250 

BaCl» 

2 

6'4 

280 

AlCla 

3 

>200 

500 

FeCK 

3 

>200 

... ' 1 

>400 


It is very evident from the above table that more 
of FeCl 3 etc., are necessary to coagulate a sol of Fe(OH) s 
than an equivalent amount of KCI. This is certainly due - 
to the fact that the sol is peptised by the adsorption of 
Fe, A1 ions etc. 

Some more interesting results have been obtained 
by the above authors in their investigation on the coagulation 
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of sol by mixtures like FeCl s and KOI, A1C1 $ and KOI, 
La(NO*) s and KOI etc. 

From their data it is evident that the sol gets 
stabilised by the adsorption of Fe, Al, La ions etc., and 
consequently more and more of KOI is necessary for com- 
plete coagulation, when the concentration of substances like 
FeCls, AIOI 3 , La(NO s )s etc., are increased. It will be 
evident from the following graphs that the adsorption of 
Al, Fe, and La ions by a sol of Fe(OH) $ follow the 
general adsorption formula and straight lines are obtained 
when the logarithms of differences in the amount of 
KC1 necessary for coagulation of the sol are plotted as 
ordinates, and the logarithms of the amounts of FeCls, 
AlCls etc., added as absciss*. This results obtained by 
Freundlich and Wosnessensky (loc. cit) corroborate our view 
on the subject and we are strongly of the opinion that 
sol like As-tSs, Sb s S 3 , mastic etc., are stabilised by the 
adsorption of the negatively charged ions and show abnor- 
mal behaviour on dilution when coagulated by KC1, 
LiCl etc., and are abnormal towards a mixture of elec- 
trolytes, and show the phenomenon of acclimatization mark- 
edly. Similarly sols like Fe(OH) 3 , Cr(OH ) 3 etc., behave 
normally towards dilution, towards mixture of electrolytes 
and do not show the phenomenon of acclimatization when 
coagulated by KC1, KBr0 3 , K„SO* etc.,; on the other 
hand these very sols show abnormal behaviour on dilu- 
tion when coagulated by FeCl 3 , CrCl 3 , A1(N0 3 ) 3 etc., 
and behave abnormally towards mixtures of electrolytes 
like FeCL and K a S0 4 , CrCi 3 and KjSO* etc., and 
show the phenomenon of acclimatization markedly when 
coagulated by FeCl s , A1(N0 3 ) 3 etc. This is due 

to the stabilisation of the sol by the adsorption of 
ions carrying the same charge as the sol, and this 
adsorption follows the ordinary exponential formula of 
Freundlich. 
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The coagulations of As 4 S s and of Fe(OH) 3 have been 
effected by BaS0 4 at various dilution of the sols and it will 
be seen in both these cases, that the greater the concen- 
tration of the sol, the greater would be the amount of BaS0 4 
necessary for coagulation. This is because the question of 
adsorption of ions carrying the same charge as the sol does 
not enter in the coagulation of sols by freshly precipitated 
BaSO*. Similarly we have proved experimentally that 
in the coagulation of As 4 S 3 sol by positively charged 
Fe(OH) s sol the greater the concentration of As„S 3 , the 
greater is the amount of Fe(OH) 3 necessary for coagulation. 

In a previous paper [Ghosh and Dhar, Koll. Zeit, (1924)] 
we have shown that when KC1 is used as the coagulating 
agent diluted sols of As 4 S 3 and Sb 4 S 3 do not coagulate 
even after the lapse of 16 horns when sufficient electrolytes 
are added to coagulate the concentrated sols in an hour. 
In the same paper we came to the conclusion that the view 
advanced by Kruyt and Spek [Zeit, Koll. 25 , 3, (1919) ] 
and Mukerji and Sen [Jour. Chern. See. 115 , 461, (1919) ] 
that the decreased chance of collision amongst the colloidal 
particles is an important factor that prevents a weaker 
sol of arsenious sulphide from coagulating is not corroborated 
by experiment. 

From the results obtained in this pa per on the coagulation 
of sols by freshly precipitated BaS0 4 , where the coagulation 
is more or less of a mechanical nature, and is caused by 
the collision of colloid particles with the particles of 
barium sulphate, we observed that the amount of BaSO* 
necessary for complete clearing (coagulation) of a sol decreases 
with the decreasing concentration of the sol. Similarly from 
our experiments on the coagulation of As 4 S 3 sol by Fe(OH) s 
sol we find that less the concentration of As 4 S 3 , the less is 
the amount of Fe(OH) 4 necessary for coagulation. 

According to Kruyt and Spek and Mukerji and Sen 
dilution of a sol of As ? S $ leads to its stabilisation due 
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to the decreased chance of collision amongst the colloidal 
particles towards precipitants ; if such is the case, then 
more of precipitants like freshly precipitated BaSO*, posi- 
tively charged Fe(OH) 3 etc., would be necessary to coagul- 
ate a dilute sol of As a S 3 than a concentrated one, but as 
a matter of fact experimental results show that the greater 
the concentration of As 4 S 3 sol the greater is the amount 
of BaSO* or Fe(OH) 3 sol necessary for coagulation. 
Consequently the dilution rule based on the phenomenon 
of adsorption that the greater ''the concentration of a sol 
the greater is the amount of precipitant necessary for 
coagulation has a general application. Our results on 
the coagulation of Sb*S 3 sol in presence of KOH 
show that in general as the concentration of KOH’ is 
increased greater quantities of univalent, bivalent, and 
trivalent electrolytes are necessary to coagulate the 
sol. 

It has been observed in a previous paper (Roll. 
Zeit. 1924) that OH ions even in traces exert great 
peptising effect on Sb 2 S 3 , As 2 S 3 , SnS 3 etc. Thus 5 c.c. 

NaOH N/100 solution is sufficient to convert 1 grain of 

As,S 3 in colloidal condition. Similar results were obtained 
with Sb r S 3 , SnS a etc. It is well-known that OH' 
ions have a great chemical affinity for these sulphides and 
exert solvent action on them, and hence the sols become 
stable towards all electrolytes when KOH is added to 
the sulphide sol. 

From our experiments on the coagulation of As,B 3 
and Sb 4 S 3 by electrolytes in presence of non-elec- 
trolytes like ethyl alcohol, propyl alcohol, urea and cane 
sugar’, we observe that both the sols become more stable 
towards all electrolytes in presence of ethyl and propyl 

alcohols. The stabilising influence of these alcohols on 

AsaSs and Sb s S 3 sols is more pronounced when the 
above sols are coagulated by bi and trivalent ions than 
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when the sols are coagulated with monovalent electrolytes. 
With urea and cane sugar both the above sols become 
unstable towards all electroytes. 

In this connection it will be interesting to discuss 
the works of other investigators on the influence of non- 
electrolytes on the coagulation of sols. Kruyt and Duin 
[Koll. Chem. Beihefte 5 , 269 (1914)] have shown that 
AsjB 3 becomes unstable towards uni and trivalent cations and 
becomes stable towards bi- and quadri-valent cations in pre- 
sence of non-electrolytes like ethyl, propyl and iso-amyl 
alcohols Whilst with Fe(OH) s , they have observed 
that the sol becomes unstable when coagulated -by KC1. 
K 2 S0 4 etc., in presence of phenol and iso-amyl alcohol, 
Gold sol is stabilised by other and iso-amyl alcohol. 
On the other hand, Freundlich and Rona [Biochem. Zeit. 
181 , 87, (1917)] have shown that Fe(OH) s becomes unsta- 
ble towards KC1, KBr etc., but not with K a S0 4 and 
potassium citrate in presence of urethanes, camphor, amyl- 
alcohol, thymol etc. They have also shown that such substances 
like thymol, camphor etc., diminish the rate of movement of 
Fe(OH) 3 sol in an electric field, and they explain this 
behaviour on the view' of adsorption of the substances 
on the surface of the colloid particles and the diminution 
in dielectric constant. 

Rona and Gyorg (Biochem. Zeiteeh 105 , 133, 1920) 
have shown that a suspension of kaolin becomes unstable 
towards electrolytes in presence of several alcohols, chloro- 
form, camphor, thymol etc. 

From the above results it is difficult to draw any 
definite conclusion with regard to the coagulation of sols 
by electrolytes in presence of non-electrolytes. We have 
observed that the presence of alcohols makes the sols of 
SbiBs and As,S 3 stable towards electrolytes especially 
bi- and trivalent cations, whilst Kruyt and Duin (loc. cit) 
have observed the stabilising influence of non-electrolytes 
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towards the coagulation of As 2 S 3 by bi- and tetravalent 
ions. With gold they have shown the sol becomes stable 
towards uni and tri-valent ions and unstable towards bi-va- 
lent cations in presence of ether and amyl alcohol. 

It will be interesting to observe that we have shown 
that in presence of H 4 S both Sb 2 S 3 and As 2 S 3 sols 
become stable towards uni and tri-valent cations and 
unstable towards bi-valent cations. It is apparent there- 
fore, that the results on the influence of non-electrolytes 
on the coagulation of sol are rather discordant and in- 
sufficient for a satisfactory explanation to be advanced. 

Summary. 

1. In this paper further evidence has been brought for- 
ward in favour of the view that (1) abnormal behaviour on 
dilution ; (2) abnormality towards a mixture of eletrolytes and 
(3) the phenomenon of acclimatization are essentially connected 
and go hand in hand. A dilute sol of Prussian blue takes up 
more KOI than a concentrated one for coagulation. This sol 
does not show additive relationship when coagulated by a 
mixture of electrolytes of varying valency and it also shows 
the phenomenon of acclimatization markedly. In these respects 
this sol behaves exactly like arsenious sulphide sol. 

2. Smaller quantities of KOI or KN0 3 are required when 
Prussian blue is coagulated in presence of HOI or HN0 3 . An 
explanation based on the phenomenon of hydrolysis has been 
advanced. 

3. When to Fe(0H) 3 sol (positive) is coagulated by 
A1(N0 3 ) 3 FeCl 3 etc., the dilute sol takes up more electrolyte than 
the concentrated one. Moreover this sol behaves abnormally 
when coagulated by a mixture of electrolytes like A1(N0 3 ) 3 
and K 2 S0*, FeCl a and K* SO* etc. Fe(OH) 3 sol shows the 
phenomenon of acclimatization markedly when coagulated by 
A1(N0 3 ), Fed,, etc. 

On the other hand, this sol is normal towards dilution 
when coagulated by KOI, K£rQ 3 etc., and is also normal to- 
wards a mixture of electrolytes like KBr0 3 and K*C a O*, KOI 
and KaSO* etc., and does not show the phenomenon of 
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acclimatization appreciably when coagulated by KBr0 3 , 
K 2 C 2 04 etc. 

An explanation of these results based on the phenomenon 
of the adsorption of ions carrying the same charge as the sol 
has been advanced. 

4. When As a S 3 sol is coagulated by AgN0 3 , the concen- 
trated sol requires more of AgN0 3 than a dilute sol for 
complete coagulation and, therefore, behaves normally on 
dilution towards AgN0 3 . As a S s sol behaves abnormally on 
dilution when coagulated by univalent salts like KOI, NaCl etc., 
and the normal behaviour towards AgN0 3 . is explained from 
the view that Ag ions are highly adsorbed by As a S 3 . It has 
been suggested that certain monovalent organic cations, which 
are known to be highly adsorbed will also show similar nor- 
mal behaviour wi$h As a S 3 sol. 

5. The influence of several , non-electrolytes on the coa- 
gulation of As 2 S 3 and Sb a S 3 sols has been investigated. It 
is not yet possible to put forward a satisfactory explanation of 
the influence of non-electrolytes on the coagulation of sols. 
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Part II. — The stability of colloidal chromium hy- 
droxide and copper ferrocyanide solutions 
in presence of stabilising ions, and the 
coagulation of colloids by mixture of 
electrolytes. 

KSHITISH CHANDRA SEN AND MOOLRA.T MEHROTRA. 

Chemistry Department, Allahabad University. 


In the first part of this series of papers, 1 it has 
been shown that the presence of stabilising electrolytes 
in the case of some sols have a marked effect on the 
coagulation of these colloids by other precipitating ions. 
Thus in the case of colloidal ferric hydroxide prepared 
by boiling a ferric chloride solution, the addition of free 
hydrochloric acid stabilises the sol considerably so far as 
coagulation by potassium sulphate is concerned. The more 
dialysed and hence the more pure the sol becomes, its 
stability also becomes less, and an undialysed sol requires 
greater amounts of electrolytes for coagulation than a 
dialysed sol. The following experimental results are taken 
from the previous paper. The concentration of the colloid 
was equal in both the cases. 


lectrolyte 
2N KNO, 

2N BaCL-, 
N/100 MgSO.i 
N/2Q0 CdSO-i 


Dialysed sol 
3*0 c. cm. 
3*2 c. cm. 
0*8 c, cm. 
0*6 c. cm. 


Undialysed sol 
6*1 c. cm. 
7*2 c. cm. 
1*6 e. cm. 
1*8 c. cm. 


’K*. C. Sen, Jour. Phys. Chem. 28, 1029, (1924). 
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From these results it appeared that the presence of 
some free hydrochloric acid considerably stabilises a sol 
of ferric hydroxide. 

A few years ago Neidle 1 showed that the stability 
of colloidal ferric hydroxide depends not so much on the 
method of preparation of the sol, but mainly on the 
amount of impurity contained in the sol. By adding 
successive quantities of hydrochloric acid to an well 
dialysed sol of ferric hydroxide, and coagulating a fixed 
volume of it with potassium sulphate, he showed that the 
quantity of electrolyte K»S0 4 necessary for coagulation at first 
increases with the concentration of the added HC1, then 
comes to a maximum and then actually decreases. This 
shows that the gradual addition of acid cannot stabilise 
a colloid to an infinite extent. In the previous paper we 
have also studied the effect of gradual addition of acetic 
acid, propionic and benzoic acids to a suspension of 
aluminium hydroxide stabilised by these acids respectively. 
By starting with a freshly precipitated and well-washed 
aluminium hydroxide stabilised into a positively charged 
suspension by means of benzoic acid, it has been shown 
that the stability of these suspensions so far as coagulation 
by K„SO± is concerned, reaches a maximum with the 
increase in the addition of the acids and then decreases. 
This fact has been explained by the view that the first 
stabilisation is due mainly to the adsorption of H° ions 
from the acid, but gradually with the increase in the 
concentration of the acid, the concentration of the negative 
ion in the solution increases and exerts a coagulating 
effect. Also the adsorption of H° ion by the particles of 
the suspension has been found to reach a maximum, and 
hence owing to the balancing of these factors, a maximum 
in stability soon occurs. These studies are interesting 


’M. Neidle, Jour, Amer, Chem, Soe. 39, 2334, (1917), 
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because they throw considerable light upon the stability 
relations of a colloid, and it was thought desirable to 
have more experimental results of this nature. In this 
paper an account of some experiments have been given. 
The first, experiment was done with chromium hydroxide 
sol. 

EXPERIMENTAL PART. 

Colloidal chromium hydroxide was prepared by pep- 
tising chromium hydroxide by means of chromium chloride 
solution. The colloid was dialysed in the cold for about 
six weeks when no trace of chloride could be obtained 
in the external water of the parchment dialyser. The 
colloid was not acidic, but on dissolving in nitric acid, it 
still gave a slight precipitate with silver nitrate. This 
much of chloride could not be removed from the sol by 
dialysis. The concentration of the sol was 1'86 gr. per litre. 
The method of finding out the coagulation point was as 
follows': — 5 e.e. of the sol was taken in a clean test tube, 
and in another test tube, a known amount of HC1 mixed 
with a known amount of the electrolytes whose coagulating 
power was being measured, was made up to 5 c. cm. 
with water. These two liquids were then rapidly mixed 
together for several times, and then set aside for coagula- 
tion to take place. The total volume of the mixture 
was always 10 e. cm. and the usual methods of having 
perfectly clean test tubes .were adopted. In the case of 
KOI, the time allowed was one hour, but in the. case of 
K a S0 4 and K»C 4 0 4 , . the point of immediate coagulation 
was observed. This was due to the fact, that with KC1 
a little uncertainty to obtain the exact coagulation point, 
was experienced. In coagulation experiments, usually an 
arbitrary time limit is set up as standard, and in a series 
of experiments, only the . relative values can be obtained. 
In the following tables, the results of the precipitation 
values are given. The results were in every case reproducible. 
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Table II 


Electrolytes : — HC1+K,S0 4 


Amount of HC1 N/100 taken 
in c. cm. 

Amount of K a SO* N/100 
required for coagulation 
in c. cm. 

O'O 

2*4 

01 

2'9 

0'2 

3‘0 

O' 3 

3’3 

.0*4 

3'5 

0’5 

3'7 

Table III 

Electrolytes HCH-K,C,0 4 


Amount of K 2 C 2 0 4 N/100 

Amount of HC1 taken in c. cm. 

added to coagulate 


in c. cm. 

O'O 

3'0 

01 

3'2 

0*2 

3'3 

0'3 

3 '32 

0*4 

3 '34 

0'5 

3'34 

Table IV 

Electrolytes :■ 

-HC1+KC1 

amount of HC1 N 

Amount of KOI 2N 

100 

added to coagulate sol 

taken in c. cm. 

in c. cm. 
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So far only the effect of acid on the stability of 
the colloid has been examined. It will be observed that 
in all the three cases, the colloid becomes considerably 
stable with the gradual addition of the acid, but with 
K 2 S0 4 and K 2 C 2 0 4 , the stability gradually reaches a 
maximum. In the following table the effect of the 
mixtures of the electrolytes K 2 S0 4 and K 2 C 2 0 4 has 
been examined to see whether any one of these electrolytes 
exert any appreciable stabilising action on the chromium 
hydroxide sol. 


Table Y 

Electrolytes : — K 2 S0 4 +K 2 C 2 0 4 


N 

amount of K a SO* 

taken in c. cm. 

| 

N 1 

Amount of K 3 Cs>0*-j^ 
required to complete • 

precipitation 

Difference. 


; 

Observed. 

Calculated. { 

i 


0 

3'0 

1 


0'2 

2'8 

275 

0'05 

0 4 

2'55 

2'5 

005 

0‘6 

2'25 

2 '25 

0 

0’8 

20 

2'0 

0 

I'O 

1'8 

175 

0'05 

2'4 

0 




The amount of K 2 S0 4 N/100 required to coagulate 
the sol is 2'4 e. cm. The theoretical coagulation values 
given in the above table has been calculated on the 
assumption that 2’4 c. cm. of K 2 S0 4 N/100 is equivalent 
to 3'0 c. cm. of K 2 C 2 0 4 N/100. It will be observed 
that the difference between the calculated and the observed 
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values is within the experimental error and hence we can 
take the coagulative powers of these two salts as additive. 
This fact has already been noticed by Weiser 1 who 
also finds that a mixture of KCl-p K a S0 4 also gives 
approximately additive relations. Neither of these electro- 
lytes therefore stabilises colloidal chromium hydroxide, and 
this case is different from that studied with acids. 

Experiments with copper Ferrocyanide sol. 

The coagulation of copper ferrocyanide has been 
studied by Pappada 1 and he has shown that the Schulze- 
Hardy law is applicable to this colloid. He, however, did 
not study the stability relations of this colloid in detail. 
It is well-known that colloidal copper ferrocyanide is 
negatively charged owing to the adsorption of ferrocyanide 
ions, and it is not possible to free either Prussian blue 
or copper ferrocyanide from adsorbed potassium ferrocyanide. 
In our present investigation, about 3% solution of copper 
chloride was mixed with a little excess of potassium 
ferrocyanide and the precipitate of copper ferrocyanide was 
filtered off. On washing with distilled water several times, 
the excess of potassium ferrocyanide was removed and the 
precipitate began to pass through the filter paper as a 
colloid. The first hundred e.c. was rejected and then about 
a litre of the pure colloid was collected by continual 
washing with distilled water. This colloidal solution was 
then dialysed in a parchment dialyser for a month with 
frequent changes of the external water. The resulting sol 
was veiy stable, but owing to the method of preparation, 
somewhat dilute. Sufficient quantity of the sol was pre- 
pared to complete the whole series of experiments. The 
concentration of the sol was 1‘3 grins, per litre. The 
method of determining the coagulation values of the 

3 Weiser, Jour. Phys, Oiiem. 28 , 232, (1924). 

3 N. Pappada, Kolloid Zeit. 9 , 136 (1911). 
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electrolytes was tlie same as in the case of chromium 
hydroxide, and in every ease the coagulation point was 
determined one hour after mixing the electrolyte with the 
sol. In the following tables the effect, of addition of 
potassium ferrocyanide on the stability of the copper 
ferrocyanide sol is shown. 


Table VI. 

Electrolytes K.Fe(CN) 6 + KC1. 


Amount of K 4 
Fe (ON),-, N/2 
taken in c. cm. 

Amount of KOI N/4 required for 
coagulation. 

| Difference. 

Observed. 

Calculated. 

0*0 

re 



0*1 

2'05 

1*54 

0*51 

0'5 

2‘0 

1*31 

0*69 

ro 

175 

ro3 

0*72 

1*5 

1*4 

0*745 

0*655 

2*0 

O' 9 5 

0*46 

0*49 

2‘8 

0*0 




Table VII. 

Electrolytes K*Fe(CN) 6 +BaCl* 


Amount of K* 
Fe (ON). *N/2 
taken. 

Amount of BaCl s N/500 for co- 
agulation. 

Difference, 

Observed. 

Calculated. 

0*0 

1*9 



0*3 

2*2 

1*69 

0*51 

0*5 

2*b 

1*56 

0*94 

0*8 

2*8' 

1*36 

1*44 

2*0 

3*0 

0*24 

1*80 

2*2 

2*7 

0*41 

2*2 

2*8 

0*0 
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Potassium ferrocyanide itself coagulates the sol at a 
concentration of 2 ‘8 c. cm. These results therefore show 
that with the gradual addition of the potassium ferrocyanide, 
the stability at first increases and then reaching a maximum, 
decreases. In the following tables, the results with potassium 
chloride, hydrochloric acid and caustic potash are given. 


Table V3H, 
Electrolytes KCl+BaCl, 


Amount of KOI 
N/4 taken. 

Amount of Ba01 2 N/500 for co- 
agulation. 

Difference. 


Observed. 

Calculated. 

O'O 

T9 


01 

11 

178 — 0*68 

0'2 

0'65 

T66 - 1'01 

0-3 

0’5 

04 —1'04 

01 

01 

112 —1*02 

0'5 

0-35 

1'30 — 0’95 


Table IX. 

Electrolytes HC1+ BaCl 2 . 


Amount of HC1 
~ taken in e. cm. 


2 500 

required for coagulation. 
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Table X. 

Electrolytes KOH+BaCl, 


N 

Amount of KOH 

taken in c. cm. 

Amount of BaCl 2 N/500 
required for coagulation. 

0*0 

1'9 

0‘2 

2'05 

0*4 

21 

0’6 

2'05 

0'8 

1'9 

ro 

T85 


It will appear from these results that the addition 
of KC1 does not stabilise the colloid towards BaCl,. On 
the other hand far less quantities of BaCl a are required to 
complete the coagulation of the sol in presence of KC1 
than in its absence. Several experiments were tried with 
Al a (SO *) 3 as the precipitating electrolyte in presence of 
KC1, and similar results were obtained. The addition of 
HC1 also does not stabilise the colloid, and its behaviour 
is exactly analogous to that of KC1. Caustic potash 
stabilises the sol to a certain extent, but the stability 
soon reaches a maximum and then decreases. The 
stabilisation is undoubtedly due to the presence of OH' 
ions which stabilises the negatively charged suspension of 
copper ferroeyanide. 

THEORETICAL PART. 

Within the last few years, a number of investigations 
have been published dealing with the stability of colloidal 
solutions. The effect of concentration of the colloid on 
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its coagulation by electrolytes, 1 2 the charge reversal of colloids 
by means of suitable ions, 1 the peptisation of metallic 
hydroxides and salts in presence of non-electrolytes and 
amphoteric electrolytes 3 and the effect of the ion having 
the same charge as the colloidal particles themselves 
possess, 4 — all of these facts have been studied more or less, 
and some interesting observations have been made. It has 
been found, for example, that usually dilution of a sol 
makes it less stable towards electrolytes irrespective of 
the valency of the precipitating ion. This is true of 
colloidal ferric hydroxide, aluminium hydroxide, chromium 
hydroxide, stannic hydroxide, Prussian blue etc. Several 
exceptions have also been noticed, namely, in the case 
of arsenious sulphide and antimony sulphide sols, dilution 
generally makes the sol more stable towards some uni- 
valent precipitating ions. In a previous paper 5 an 
explanation of this exceptional behaviour was offered 
by assuming that the anomaly is mainly due to the effect 
of the ion charged oppositely to that of the precipitating 

1 E. Barton and Bishop, Jour. Phys. Chem. 24, 701, (1920). 
E. Burton and E. D. Maclnnes, Ibid 25, 517, (1921). J. Mukherjee, 
J. Amer. Chem. Soc. 57, 2024. (1915) ; J. Mukherjee and N. Sen, 
J. Chem. Soe. 115, 462, (1919); 1.17, 350, (1920.) H. Weiser and 
H. O. Nicholas, Jour. Phys. Chem. 25, 742, (1921). K. C. Sen, 
P. B. Ganguly and N. R. Dhar, Ibid, 28, 313, (1924). K. C. Sen, 
and N. R. Dhar, Kolloid Zeit, 34, 262, (1924). 

2 N. R. Dhar and K. C. Sen, Jour. Phys. Chem 27, 376, 
(1923). N. R. Dhar, K. C. Sen and S. Ghosh, Ibid 28, 457, 
(1924) ; J. Mukherjee and B. C. Roy, Jour. Chem. Soc. 125, 476, 
(1924). 

3 K. C. Sen and N. R. Dhar, Kolloid Zeit. 27, S3, 193, (1923). 

4 K. C. Sen and N. R. Dhar, Ibid, 34, 262, (1924). 
J. Mukherjee and S. G. Choudhuri, Jour. Chem. Soc. 125, 794 
(1924). 

5 Kolloid Zeit, 34, 262 (1924) 
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ion. The ion carrying the same charge as the sol tends 
to peptise the sol and makes it more stable. This effect 
will be more marked in the case of univalent salts where 
the precipitation value is usually very high, and consequently 
the concentration of the ion charged oppositely to the 
precipitating ion is great. In the case of salts containing 
bivalent or trivalent precipitating ions, this effect will be 
less prominent as the precipitation value is less and 
frequently the stabilising ion has a valency less than that 
of the precipitating ion. Support to this view was also 
obtained from the experimental results on the influence of 
ions carrying the same charge as that on the sol on its 
coagulation by electrolytes. From the experimental results 
cited in the previous paper, it was observed, that greater 
the valency of the negative ion, the greater is the stabilis- 
ing effect on a negatively charged sol of arsenious sulphide. 
The precipitation values of different potassium salts accord- 
ing to Schulze, are in the order, Fe(Cx7) s ' /,/ > SO*"> C 2 
0/> tartrate" > NO s / > F > Cl 1 ' > CIO 3 ' > Br,' beginning with 
the greatest precipitation value. If however a bivalent ion 
be chosen as the coagulating ion, the precipitation values 
do not differ much. It has already been shown that in 
the case of monovalent potassium, the difference in the 
precipitation values of the foregoing salts comes to about 
20 per cent, from the average, whereas if calcium be taken 
as the precipitating ion, the difference comes out to be 
about -one per cent, from the average. With trivalent 
aluminium as the coagulating ion, the difference in the 
precipitation values of the sulphate, nitrate, and the 
chloride is only slight. The effect of dilution of chromium 
hydroxide sol on its coagulation by electrolytes has 
already been examined by H. Weiser and H. O. Nicholas 
(loc cit). In the following table the effect of dilution of 
copper ferroeyanide sol on its stability in presence of 
electrolytes is given. 

48 SI 
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Table XI. 


Electrolyte. 

KOI N/4. 

K 4 Fe(CN) 6 

N/2. 

BaCl 2 

N/500. 

! AUSOJ, 
i N/800. 

Original sol 

1'6 c.c. 

2*8 

1*9 

1*35 

4/5 diluted sol * ; 

2*0 



0*95 

1/2 diluted sol ... 

2 ‘2 

31 

21 

0*85 

1/4 diluted sol ... 


4*2 

2*45 



From the above table it will be observed that more 
KC1 and K.Fe (CN) S are required for the dilute sol than 
for the concentrated sol. This result seems peculiar for 
B. Weiser and H. O. Nicholas (loc. cit) have shown that 
colloidal Prussian blue follows the general rule that greater 
the concentration of the sol greater the quantity of elec- 
trolyte necessary for its coagulation. The ease of colloidal 
copper ferrocyanide seems therefore to be analogous to that 
of arsenious and antimony sulphide sols. The case of 
barium chloride where also more of the electrolyte is 
necessaxy for the coagulation of the diluted sol seems 
anomalous, though it is by no means unique. Several cases 
are known in the literature where bivalent precipitating 
ions require more of the salt to coagulate a diluted sol 
than the original sol. Thus in a previous paper, 1 we have 
found the following results. 


Table XII. 


Sol. 

Electrolyte, 

Original sol. 

1 

1/2 diluted. 

1/4 diluted. 

Fe(0H) 3 

MgS0 4 N/200 

0*65 c.c. 

0*6 

0*8 

Sb,S 9 

Ba(N0 3 ) 2 

N/100 

0*45 

0*5 

0*5 


1 K. 0. Sen, P. B. Ganguly and N. R. Dhar, (loc cit). 
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Similar results have also been found by E. Burton and 
Bishop (loc. cit) with arsenic sulphide sol and magnesium 
chloride, where the amounts of the electrolyte required to 
coagulate the same volume of the sol of concentration 
one and l/8th of the original were respectively 9 '3 and 
9 '8 c. cm. A similar thing has also been found by 
H. D. Murray 1 with mastic sol, whose results will be 
given later on. These cases are, however, not general and 
form exceptions to the rule already stated, that the greater 
the concentration of the sol the greater is the amount 
of electrolyte necessary for its coagulation, irrespective of 
the valency of the precipitating ion. 

In recent years the coagulation of colloids by mixed 
electrolytes has received much attention. The importance 
of these studies immediately reveals itself when we con- 
sider that colloids are usually stabilised by the preferential 
adsorption of one ion, and hence in all coagulation ex- 
periments, where an electrolyte is added to a sol, the 
effect which is observed is really the joint effect of the 
adsorbed ion, and the ions of the added electrolyte. Coagu- 
lation experiments with mixtures of electrolytes therefore 
give us a clue as to the source of stability of the colloid, 
as well as, the effect of individual ions in presence of 
others. The experiments which have already been given 
are really a study of the coagulative powers of mixture 
of electrolytes, and hence these results will be discussed 
from the point of view of mixed electrolytes. 

The first experiment with mixtures of electrolytes 
on an inorganic colloid seems to be that of Linder and 
Picton 1 who showed that with colloidal arsenious sulphide 
and a mixture of KC1 and SrCl 2 , the precipitation 
value of the mixed electrolytes was not the algebraic sum 

! H. D. Murray, Phil. Mag. p, 401, August, (1922.) 

* hinder and Picton, Jour. Chem. Sec. 67,67,(1895.) 
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of the precipitation values of each separately, but consi- 
derably greater quantity of strontium chloride was neces- 
sary when KC1 was already present in the arsenious 
sulphide sol. With increase in the addition of KC1, the 
amount of SrCl a gradually reached a maximum, and then 
became less. 

The following table gives the results obtained by 
Linder and Pieton. 


Table XIII. 



e.c. of SrCl 2 

; to complete 


c. cm. of KC1. 

coagulation. 

Difference. 


| Determined. 

Calculated. 


0*0 

i 

4*4 



0'3 

4*9 

4*2 

0*7 

0'6 

5*4 

4*0 

1*4 

0'9 

5*5 

3*8 

1*7 

1'2 

5*55 

3*6 

1*95 

rs 

57 

3*4 

2*3 

1*8 

5*9 

3*2 

2*7 

21 

6*0 

3*0 

3*0 

2*4 

5*7 

2*8 

2*9 

27 

5*65 

2*6 

3*05 

3-0 

5*3 

2*4 

2*9 

3*3 

. 51 

2*2 

2*9 

6*6 

0*0 




It will be observed that these results are exactly 
similar to that given in table VII with potassium 
ferrocyanide and barium chloride on copper ferrocyanide 
sol. Linder and Pieton also made some experiments with 
mixtures of salts containing bivalent precipitating ions 
and showed that in this case no stabilisation of the sol 
occurs and the precipitation values are approximately the 
sum of that of each electrolyte. H. Weiser 1 studied 
the precipitation values of several mixtures of electrolytes 
such as KC1+K 2 C 4 0 4 and K a S0 4 +K 2 C 1 0 4 on a 
sol of positively charged ferric hydroxide and pairs of 

'H, Weiser, Jour. Phys. Chem. 25 , 665, (1921). 
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such salts as KCl+SrCl 2 and BaCl 2 +SrCl 2 on a 
negatively charged sol of arsenious sulphide. His results 
show that with As 2 S 3 sol, the results of Linder and 
Picton are quite correct, that is, more of SrCl 2 is 
necessary to coagulate a fixed amount of As 2 S 3 sol 
in presence of KC1 than when it is absent. On making 
adsorption experiments, it was found that the presence 
of potassium ion markedly decreased the adsorption of Ba 00 
ion, and Weiser explained the stability of As 2 S 3 sols 
in presence of KC1 as due to the cutting down of the 
adsorption of the coagulating Ba 00 ions. With the mixture 
SrCl 2 +BaCl 2 , where both the precipitating ions are bivalent, 
the precipitation values showed an additive relation and in this 
also Linder and Picton’s result was corroborated. In the case 
of ferric hydroxide colloid, no stabilisation was observed 
in any case and along with it, the presence of KC1 did 
not affect the amount of adsorption of oxalate ion. A 
year later H. Freundlich and P. Scholz 1 2 published an 
investigation in which they studied the effect of mixture 
of electrolytes on Oden’s sulphur sol, von WeimarnV 
sulphur sol, Donau’s 3 gold sol and an arsenious sulphide 
sol. The authors confirmed the results of Odin, to the 
effect that the coagulating properties of a salt are dimi- 
nished or destroyed by the presence of a second salt, but 
in contradistinction to Oden, they also found that the reduc- 
tion is not due to the diminution of cation action by the 
anion but rather to an antagonism between the cations. 
The antagonistic action was measured by mixing Oden’s 
sulphur sol with a quantity of an electrolyte insufficient 
to cause flocculation and then determining the quantity of 
a second electrolyte necessary to effect this change. The 

1 H. Freundlich and P. Scholz, Kolloid Chem. Beihefte, 
16, 267, (1922). 

2 P. Weimarn, Kolloid, Zeit. 8, 214, (1911). 

3 Donau, Monatsh, 26, 525, (1905). 
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ion pairs magnesium -f-lithium and magnesium-1- hydrogen 
showed strong antagonistic effect. The anions had also an 
influence in the diminution of the coagulation value in the 
order citrate > sulphate > chloride. Definitely hydrophobic sols, 
such as Weimarn’s sulphur sol and Donau’s gold sol, did 
not exhibit the antagonistic phenomenon. In these cases 
the coagulation values of sols containing electrolytes were 
always less than those of the pure sols; that is the action 
of the two electrolytes was additive. Freundlich and 
Seholz believed that the behaviour of Oden’s sulphur sol 
was probably to be connected with its distinct hydrophilic 
character; that is with the hydration of the micellse. In 
the case of arsenic sulphide sol, a certain antagonism 
was observed for salts such as lithium chloride and 
magnesium chloride, and hence this sol has also been 
considered by these authors to be hydrophilic. 

In a recent paper H. Weiser* has again studied 
the precipitation of hydrous chromium oxide, stannic 
oxide and arsenious sulphide sol by various mixtures of 
electrolytes, and has come to the conclusion that the 
explanation of Freundlich and Seholz is untenable. 
Several well-known hydrophilic sols such as hydrous 
ferric oxide, chromium oxide, stannic oxide etc., show no 
antagonistic effect when they are coagulated by pairs of 
different electrolytes. On the other hand a strong antagonis- 
tic action is observed when As 2 S s sol is coagulated by 
such pairs as HCl+MgOU, LiCl+BaCl* and LiCl+MgCl,. 
Weiser therefore considers that hydration of a sol is not 
an important factor in producing such phenomena, and 
it is more possible that the antagonistic action is due to 
the effect of one cation upon the adsorption of the other 
by the colloid particles. This view is supported by the 
fact that the adsorption of Ba 00 ion by As»B s sol is 

’Weiser, Jour, Phys. Chem. 28 , 232 (1924). 
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decreased to a marked extent by the presence of Li° ion 
below the precipitation concentration of the chlorides of 
the metals. The adsorption of Li° ion is also influenced 
by the presence of Ba 00 ion. This cationic antagonism 
according to Weiser, is the important factor in raising the 
precipitation concentration of certain mixtures above the 
additive values. 

The importance of this subject of coagulation of 
colloids by mixture of electrolytes has also been perceived 
in some biological studies, and H. Freundlich and P. 
Scholz have cited the works of Neusehloss on lecithin sol, 
J. Loeb and S. Lillie. Specially interesting in this connection 
is the coagulation of egg white by mixture of salts. Conti- 
nuing the investigation of Schafer, Wo. Pauli 1 observed 
the effect of mixtures of two salts and found that the 
coagulating action of salts upon proteins is additive, 
that is, the precipitating power of the mixture is the 
algebraic sum of the separate effects exerted by its 
components except when the two salts have a common 
ion and so diminish each other’s degree of dissociation. 
Later on he found that a number of salts which will not 
coagulate egg-white by themselves will do so or will 
increase the coagulating power of other salts when mixed 
with them, while others markedly diminish the coagulating 
power of salts which in their absence, readily coagulate 
egg albumin. These experiments are therefore in line 
with those already given in the present paper. 

About ten years ago, R. Bender 1 published an 
interesting paper which has not however received much 
attention, on the coagulation of mastic sol by mixture of 
two salts. In most cases he used HC1 as one of the 
electrolytes and his results show that, in general, the 

‘Wo. Pauli. Bietr. Z. Chem. Physiol mid Pathol S , 
225 (1903). 

S K. Bender, Kolloid. Zeit, 14, 255 (1914), 
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substitution of an equimolar quantity of a metallic ion 
causes no appreciable change in the coagulating power 
of the acid. This relationship holds only in the case of 
mono and bivalent metals. In the case of tervalent metal 
ions a slight stabilisation of the sol is observed. In the 
following table the effect of HC1 on the stability of the 
mastic sol in presence of the coagulating agent Al 2 
(S0J 3 is given. 


Table XIV. 


HCl added mol x 10 “ 4 

Al 3 (SOJ 3 mol x 10 4 
required to coagulate. 

O'O 

0184 

0‘34 

0184 

0'91 

0155 

1'80 

0*455 

2’80 

0'455 

3'60 

0"276 

6 '30 

O'O 


It will be observed that a mixture of A1 2 (S0 4 ) 3 
+HC1 does not show any additive relation with regard 
to their precipitation values on mastic sol. This behaviour 
is not, however, noticed when NaCl is substituted for 
HC1. Also pairs of electrolytes like MgS0 4 +HCl, 
BaCli+HCl, LiCl+HCl, Ce(NO s ) 3 +HCl, CdS0 4 +HCl 
do not show any antagonistic effect but a mixture of 
AuClj+HCl, and HgGU+HCl show this behaviour. 
Since colloidal mastic is usually negatively charged, it was 
expected that in presence of OH' ions the stability would 
be increased. This was found to be true by R. Bender 
who observed that in presence of NaOH and Ba(OH) 2 
more of NaCl was required to coagulate the colloid. A 
similar effect was observed in the case of the pair of 
electrolytes KCN+NaCl where the stabilisation is undoubt- 
edly due to the OH ions set free by the hydrolysis of 
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the KCN. In the following table, the effect of dilution of 
the mastic sol 1 on its coagulation by electrolytes is given. 


Table XV. 


Gone of sol. 

667% 

53'3 % 

0 . 1 ^ . . 

267 % 

Coagulant NaCl milli mole 
per litre* 

450 

490 

690 

Coagulant Bad* milli 
mole per litre. 

9'6 

9 ‘4 

10 "4 

Coagulant Al 2 (SO*) 3 milli 
mole per litre. 

'29 

‘ 27 

175 


It will be observed from this table that the effect 
of dilution of the mastic sol on its coagulation by electrolytes 
is very similar to that of copper ferroeyanide sol. Since 
the negatively charged copper ferroeyanide sol is also allied 
to arsenious sulphide sol in many respects, it will be 
interesting here to compare the effect of mixtures of 
electrolytes on these sols. The results obtained by us 
as well as by others are shown graphically in figures I 
and II. 

In the curves, the abscissa represents the amount of 
the stabilising electrolyte such as K 4 Fe(CN)« etc. added 
in e.c. The ordinate represents the amount of the coagulat- 
ing electrolyte. 

In Mg. I, the results of Weiser are shown. Nos. I, 
II, and III respectively gives the results of the mixtures 
HCH-MgCU, LiCl+MgCl, and LiCl+BaCl,. 

In Fig. II, the results obtained in this paper are 
shown. Nos. I, II and III respectively show the curves 
of KOH+BaCl,, K 4 Fe(CN) 6 +KCl and K*Fe(CN),+ 
BaCl,. 

3 II. D. Murray, Phil. Mag. p. 401, August, (1922.) 
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It will be observed from the figures, that the nature 
of the curves is in all cases very similar, and this denotes 
that the nature of the action exerted by the different 
stabilising agents is probably the same. Thus the action 
of K*Fe(CN) s in stabilising a sol of copper ferrocyanide 
appears to be of the same nature as the action of KCl 
or HC1 on arsenious sulphide sol. Now it is well-known 
.that the stabilising action of K*Fe(CN) s is due to the 
great adsorption of the ferrocyanide ion by copper ferrocy- 
anide, for J. Duclaux 1 has shown that when copper 
ferrocyanide is precipitated, a great deal of potassium 
ferrocyanide is also taken up, and it is practically impos- 
sible to free copper ferrocyanide from adsorbed potassium 
ferrocyanide. Another interesting fact in this connection 
is that the amount of K 4 Fe(CN) 6 required to coagulate 
a fixed amount of copper ferrocyanide sol is much greater 
than that of KCl, the actual results being K 4 Fe(CN) 0 - 
N/2 2*8 c. cm. and KCl N/4 I'6 c. cm. The coagulat- 
ing ion in both cases being potassium, these results 
show- the enormous difference in stabilisation wliich has 

been brought about by the introduction of the quadri- 

valent Fe(CN)/ /// ion in place of the monovalent CF ion. 
This stabilisation in presence of mixture of salts cannot 

be explained on the basis that the addition of K 4 
Fe(CN) 6 decreases the dissociation of KCl, for though the 
dissociation of KCl may be decreased, the amount of the 
coagulating ion potassium actually increases veiy much on 
the addition of K 4 Fe (CN) S . Again a mixture of K 4 
Fe(CN) 6 and Bad, shows similar stabilisation and here 
no decrease in the dissociation of BaCl 2 can take place, 

there being no common ion in the added electrolyte. 
The stabilisation, therefore, is undoubtedly due to the 
ferrocyanide ion. Similar results happen in the ease of 

‘J. Duclaux, Jour. (Jliini, Plivs. 7, 405-446 (1909). 
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alkali. In table X, the experimental results with the mixture 
KOH+BaCU lias been given. It will be observed that 
the presence of OH' ions stabilises the negatively charged 
sol of copper ferroeyanide to a certain extent. It has already 
been stated that a mastic sol is also stabilised in presence 
of OH' ion. J. Mukherjee and N. Sen (loc. cit) have shown 
that colloidal solutions of cupric, mercuric and arseni- 
ous sulphides are stabilised by solutions of potassium and 
sodium sulphides. This stabilising influence has been found 
for ammonium, potassium, .barium, and strontium chlorides 
and aluminium sulphate. With a trace of pure alkali, 
sols rich in sulphide are prepared and the OH' ions largely 
increase the stability of these colloids. It is clear therefore 
that in these eases, the negative ion is the real stabiliser, 
and the so-called antagonistic effect is really due to the 
negative ions of the electrolytes. As a matter of fact, 
there cannot be any cationic antagonistic action when the 
mixture K 4 Fe(CH) s + KOI is used for coagulation, since 
both electrolytes contain the same cation, and hence in 
these eases it must be recognised that the antagonistic 
effect has been mainly due to the anion of potassium 
ferroeyanide. 

Since the precipitation value of an electrolyte for a 
colloid is that concentration which results in sufficient 
adsorption of the precipitating ion to neutralise the com- 
bined adsorption of the original stabilising ion, and the stabilis- 
ing ion added with the electrolyte, it is evident that any ion 
present in the solution, which can either decrease the adsorp- 
tion of the coagulating ion, or, by being itself adsorbed 
by the colloid particles increases the charge and hence 
the stability of the colloid, will act as a stabiliser of the 
sol towards that particular coagulating ion. It is probable 
that anions act in the latter way ‘on negatively charged 
sols, and H° ions also do the same thing on positively 
charged sols. There is therefore practically no difference 
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in the nature of the stabilising action exerted by acids 
on iron, chromium and aluminium hydroxide sols and 
potassium ferrocyanide, caustic alkali etc., on negatively 
charged sols. If however the presence of a cation can 
decrease the adsorption of another coagulating cation, then 
also the sol may be stabilised. In this case the antagonistic 
effect will be really cationic. In no case, however, has 
it been definitely proved that the antagonistic action 
is only cationic. Thus with the mixture LiCl+BaCU, 
and As 2 S 3 sol, it has been shows by Weiser (loe. cit.) 
that the amount of adsorption of either of the ions Li° 
or Ba 00 is decreased in the presence of each other. But 
this does not necessarily mean that the sol becomes stable 
towards Ba 00 ions on the addition of Li" ions. Though 
the adsorption of each is separately diminished, the total 
adsorption of both the ions may be equivalent to the 
adsorption of either Li° or Ba 00 when only one is present. 
Since the coagulation of the colloid depends primarily 
upon the charge neutralisation of the colloid, equivalent 
amounts of Li 0 orBa 00 ions will be necessary to discharge 
the colloid particles. Hence when the sum total of the 
adsorption of Li° and Ba 00 ions separately expressed in 

electrochemical equivalents reaches a certain limit, the colloid 
will be coagulated irrespective of whether the original point 
of adsorption of Ba 00 ion when it was present alone to 

coagulate the sol, has been reached or not. In order to 

support this explanation of the antagonistic action between 
the ions Li° and Ba 00 , it will have to be shown that 

though one of these ions is not adsorbed appreciably 
simply by its presence, the adsorption of the other ion 
is diminished considerably. Also dong with this fact it 
must be observed that by the addition of Lid to 
BaCl! solution, the degree of ionisation of both the 
electrolytes is thrown back and the concentration of Cl' ions is 
proportionately increased. The increase in the concentration 
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of the Cl' ions will mean a stabilisation of the colloid 
and hence the antagonistic effect which is observed will be 
the sum of the cationic and anionic effects. This seems 
also to be the case with such mixtures as HCl+MgCl*, 
KCl+SrOU and LiCl+MgCl,. 

It has already been stated that the continual addition 
of the stabilising agent does not stabilise the colloid to 
an infinite extent. This is evident from all the curves 
given in this paper , where stabilisation is found to reach 

a maximum soon. This is due to the fact that the posi- 
tive ion of the stabilising agent in the case of negative 
sols, begins to exert a coagulating effect at higher con- 
centrations of the stabilising electrolyte. This view is 
extremely well supported by a recently published investi- 
gation on the adsorption of electrolytes by colloidal copper 

ferrocyanide. It has been found by M. Frankert and 

J. A. Wilkinson 1 that with pure copper ferrocyanide 
different potassium salts show a gradual change from 
developing a small amount of acidity with the chloride 

to large amounts of alkalinity with the ferrocyanide. 
When the ferrocyanide concentration is gradually increased, 
the alkalinity which is developed first, gradually changes 
to acid. On the principle of selective adsorption, the ex- 
planation of this phenomenon is that the ferrocyanide ion 
is strongly adsorbed and the resulting solution thus be- 
comes alkaline. In a particular ease, working with 2 gr. 
of copper ferrocyanide and 2N K 4 Fe(CN) solution, the 
total alkalinity developed was equivalent to 200 c. cm. of 
°0I IST IvOH solution. With the ferricyanide solution also, 
a similar behaviour is observed. ' The solution is first 
alkaline due to the adsorption of Fe(CN)/" ions, leaving 
an equivalent amount of KOH in solution. Boon, however, 
the K ion becomes effective and cuts down the alkalinity 

] M- Frankert and J. A. Wilkinson, Jour. Phys. Cliem.. 28 , 
651, (1924). 
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clue to the Fe(CN)'" 8 and finally overcomes it entirely 
and the solution turns acid. The experimental curve is 
therefore the resultant or the difference between the two 
because one of them tends to develop acid and the other 
base. This shows that each ion has its own adsorption 
curve and when several ions are present in the solution, 
the experimental curve will be the resultant of all the 
separate curves. 

In the foregoing pages, it has been shown that the 
antagonistic effect between pairs of salts, or the stabilisa- 
tion of the sol by means of an electrolyte, is in the 
majority of cases, due to the influence of the ion carry- 
ing the same charge as the colloid particles possess. It 
has also been shown that the stabilisation of some sols 
on dilution towards some univalent electrolytes may also 
be explained on the assumption, that the stabilisation is 
due to the adsorption of the ion charged oppositely to 
the precipitating ion. These phenomena seem therefore 
to be related to each other. It is also very probable, 
as S. Ghosh and N. R. Dhar (unpublished work) suggest, 
that the phenomenon of so-called “acclimatization” of 
colloids may be brought in line with these two cases. 
Since in the phenomenon of acclimatization more electrolyte 
is necessary to coagulate a colloid when it is added 
slowly than when it is added rapidly, it is probable that 
below the precipitation value of the electrolyte, compara- 
tively more of the ion having the same charge as that 
of the colloid particles may be adsorbed, and thus the 
stability of the suspension may be proportionately increased. 
This has also been supposed by H. Weiser who has shown 
that below the precipitation value of KC1 on As*S 3 sol 
proportionately more, of Cl' ion may be adsorbed by the 
colloid. This fact may partly explain the “acclimatization,” 
shown by As*S*soL Similar phenomena are also shown 
by colloidal platinum and albumin. A similar behaviour 
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is also observed in the toxin-anti-toxin reaction which is 
known as the Danysz effect . 1 When a diphtheria toxin 
is treated with its anti- toxin, the reduction in toxicity 
depends on the manner in which it is added, i.e., an 

amount of anti-toxin which is exactly sufficient to 

neutralise a given amount of toxin when added all 
at once, is not nearly sufficient to neutralise the same 

amount of toxin when added little by little with moderate 
intervals between each addition. The longer the 
intervals, the greater is the insufficiency. The analogy 
between the Danysz effect and the acclimatisation pheno- 
menon seems to be very close, for it is probable that in 
the case of diphtheria toxin and anti-toxin, inactivation 
is due to electric charge neutralisation. Thus Field and 
Teague found that diphtheria toxin and anti-toxin migrate 
distinctly in an electric field. Bechliold also found that 

diphtheria toxin was slightly weakened at the anode, while 
the anti-toxin migrated to the cathode. It seems therefore 
that the stabilisation of a colloid in presence of an electrolyte, 
the stabilisation of a sol on dilution towards some monovalent 
electrolytes and the so-called acclimatization of sols, may 
be all explained by the same theory, and in all these 
cases, the importance of the ion having the same charge 
as that of the colloid particles, will, in all probability, 
have to be recognised as one of the primary factors. 

Summary. 

(1) An experimental study lias been made of tlie coagulating 
powers of different electrolytes on a sol of chromium hydroxide 
and copper ferrocyanide in presence of stabilising ions. 

(2) It has been shown that with gradual addition of HOI, 
the stability of colloidal chromium oxide towards K a SO* and 
KsOsOj, gradually increases and then reaches a maximum. 
No stabilisation is however observed when the mixture 
K 2 S0 4 +K a G a 0« is used. 

J Compare Taylor, colloid chemistry, (1915), for these biological 

cases. 
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(3) With K*Fe(CN), and KOI or BaCl s , the stability 
of colloidal copper ferrocyanide also gradually increases and on 
reaching a maximum, decreases. The same behaviour is also 
observed when a mixture of K0H + BaCl 2 is used : With mixtux^es 
such as KCl+BaCl 2 and HCl+BaCl 2 , no such stabilisation is 
observed. 

(4) It has been shown that the nature of the stabilisation 
observed in the case of copper ferrocvanide sol in presence of 
K 4 Fe(ON ) t 5 is similar to that observed by other investigators in 
the case of As 2 S 3 sol and KOI, Li'Gl or HCL This is also the 
case with mastic, As*S 3 , HgS and GuS sols in presence of OH' 
ions, and Fe(OH) 3 , Al(OH) 3 and Or(OH), sols in presence of 
acids. 

(5) The view has been put forward, that in the majority 
of cases studied, the so-called antagonistic effect between pairs 
of salts is really due to the stabilising effect of the ions charged 
oppositely to that of the precipitating ion. In no case it has 
been proved that the antagonistic effect is purely cationic, but it 
is probable that in some cases, a joint action of the anionic and 
the cationic effect may have been observed. 

(6) The stability of the copper ferrocyanide on dilution 
towards electrolytes has been examined. It has been found that 
the stability slightly increases towards some monovalent and 
bivalent electrolytes, but diminishes considerably in presence of 
trivalent coagulating ions. 

(7) It seems probable that the stabilisation of some colloids 
on dilution, the antagonistic action between pairs of some 
electrolytes on several colloids, and the phenomena of acclimatisa- 
tion observed with some sols, may be explained by the same 
theory ; and in all these cases, the influence of. ions with the 
same charge as the colloid particles possess, will have to be 
recognised as of primary importance. 
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NEW IDEAS ON SPECTRUM ANALYSIS. 

By N. K. SUR, 

University of Allahabad. 

1. INTRODUCTION. 

In the year 1859, Kirchoff discovered the principles 
of spectrum analysis. Sixty-five years have passed since 
this memorable discovery, yet, to use the language of 
Newton, it seems as if the whole ocean of spectroscopic 
knowledge is remaining unexplored, while workers up to 
this time have only satisfied themselves with the picking 
up of pebbles on the beach of the vast ocean ly ing 
before them. 

Kirehoff’s discovery directly led to the birth of 
three new branches in Physical Science. It led to the 
birth of the science of Astrophysics, that is to say, — 
the physics of heavenly bodies, which is engaging in 
America alone twenty-five hundred full-time workers 
besides a host of amateurs. Light is the only medi um 
which tells us of the island universes in space which 
we call stars, and hence it is only natural that we can 
get any information about them only by the analysis 
of light emitted by them. Kirchoff’s theory has been 
indirectly responsible for the perfection of the laws of 
black-body radiation, which in the hands of Planck and 
Einstein has led to the conception of the quantum theory 
of energy radiation. 

Kirchoff’s theory tells us that each atom may be 
compared to a musical instrument. As a musical instru- 
ment emits a note characteristic of itself, when tuned 
properly, so each of the ninety-two different kinds of 
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atoms emits a series of vibrations in aether. These 
vibrations do not affect our ears, but our eyes, and we call 
them light. Light of a particular colour is an electromagnetic 
disturbance in aether, of which we can measure the exact 
wave length or frequency. Besides ordinary light, which 
extends from red (wave length— 7 X 10" 5 cm. approximately) 
to violet (wave length=4X 10“ 5 cm approximately) we may 
have light of any length longer than the red (infrared) 
and shorter than the violet (called ultra-violet). Kirehoff 
was the first to recognise that each different atom gives 
a number of lines characteristic of itself, so that from the 
presence of these lines in a specimen which is excited either 
by heat or electricity, we can detect the element in that 
specimen. This leads to a very powerful method in 
chemical analysis for detection of elements. The apparatus 
by which this analysis is carried out consists of a triangular 
prism of glass by means of which the line source of light 
is drawn out into a band called the spectrum; hence this 
method of analysis is called “ spectrum analysis. ” 

We have compared the atom to a musical instru- 
ment producing vibrations in tether, but it was apparent 
even to the earlier workers in spectroscopy that the instrument 
must have been very complex. A tuning fork emits but 

a single note. A stringed instrument will emit a 

fundamental note, with a number of other notes, related 
to it in simple numerical ratio (called scientifically upper 

harmonies), but an atom like that of iron emits no less 
than 4,000 lines in the visible region, and no less than 
7,000 lines, if we include those in the infrared and in the 
ultra-violet regions. Each of these lines corresponds to a 
different note in aether. Even hydrogen, the simplest of 
elements, is known to emit many lines. These circum- 
stances led the great American physicist, Henry Bowland, 
to exclaim that the atom must be more complex than a 

grand piano ! 
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The labours of spectroseopists after Kirchoff have 
been mainly directed to tlie excitation and careful measure- 
ment of the wave lenghts of the characteristic lines of 
different elements. These data are now available in the 
great dictionary of a spectroscopy compiled by Kayser, Runge, 
and Konen in Germany in seven volumes, and yet it 
appears that the subject is in no way exhausted. Every 
year new additions are being made to our knowledge of 
the spectra of elements and Kayser and his co-workers are 
compelled to issue fresh volumes in order that their great 
dictionary may not get out of date. Photographs of spectra 
are also available in the famous series edited by Eder 
and Valenta or Exner and Haschek. 

From the year 1880, physicists have been trying to 
find out some law which connects the different lines of 
elements, but the first success was reserved for a Swiss 
school-master named Balmer, who discovered the famous 
law now known after his name. Hydrogen gives four 
lines in the visible region ; one in the red, one in the 
green, one in the blue, and one in the violet. Balmer 
proved that these four lines are expressed by the simple 
law, — 



where m = 3, 4, 5, 6. The great importance of Balmer’s 
work was at once recognised, and many other scholars 
turned their attention to this problem. Mention may be 
made of Rydberg in Sweden, Ritz in Switzerland, Kayser, 
Runge, and Paschen in Germany, Fowler and Hicks in 
England. 

These investigations, which were purely empirical, 
stand to the theories of atomic structure in the same 
relation as the celebrated laws of Kepler stand to the 
Law of Gravitation. The following sections will give an 
account of these investigations. Hf: 
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2.— EARLY ATTEMPTS AT GENERALISATION. 

Amongst the earliest workers, the foremost names 
are those of Rydberg and Ritz who occupied themselves 
with the alkali metals Na, K, Rb, Cs. These elements 
show spectra having similar constitution. The lines in the 
case of Na consist of close doublets having a constant 
frequency difference. Some of these pairs are sharp and 
others are diffuse in appearance. Rydberg proved that all 
these sharp lines can be arranged in a series, and the 
diffuse lines in another series. He also proved that the 
frequency of each of these lines can be expressed, as the 
difference of two terms according to the following formulae : — 

v ~ R C(2+jo)* ~ t?w+s) 2 1 

for sharp series; m varies as 2, 3, 4, 5, etc. and 

E(2+2>) 2 ~ ( m+dY J 

for diffuse series. Here m varies as 3, 4, 5, etc.; 
p, s, d are fractions having definite values for a definite 
element. As p has got two values p,, and jd 2 , and similarly 

d has two values d u d t , so that R (2 + jop~-) 

constitute the constant frequency difference. Rydberg further 
pointed out that the constant R had the same value as 
that obtained from Balmer’s formula. 

Ritz carried out the work further and from the analysis 
of the spectra of the alkaline earths showed that R is 
very nearly a universal constant. In honour of Rydberg, 
it is now known as the Rydberg constant. The other 
alkali elements show a structure similar to that of sodium, 
but the constant frequency difference increases with the 
atomic weight. In fact this method can be utilised to 
calculate very roughly the atomic weight of elements as was 
done by Runge and Precht when radium was first discoverd. 
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Besides the sharp and diffuse lines we have got a 
group of very strong lines including the strongest lines 
Dj and D* of the whole series. These can be arranged 
in a series representated by the formula 

R £(1+s) 2 ~(m+piY~\ 

where i — 1 or 2 and m = 2, 3, etc. Tins series is known 
as the principal series of lines. That they are of more 
fundamental importance than other lines was proved by 
a series of experiments carried out by B. W. Wood in 
America. Wood studied the absorption spectrum of Na; — 
that is to say, he allowed a beam of continuous light to 
pass through Na — vapour and produced the spectrum of 
transmitted light by a spectroscope. He found that the 
spectrum was crossed by dark lines, the wave-lengths of 
which were exactly the same as those of the lines belong- 
ing to the principal series. No line of the sharp and 
diffuse series was obtained in absorption. Bevan extended 
the work to the spectra of other alkali elements, and 

confirmed Wood’s observations that only lines of the 

principal series are absorbed by the vapours of the elements. 
It may be noted in this connection that the frequency 
differences of the component lines of the principal 
series decrease to zero as the limit of the series is 
approached ; also the difference between the limit of the 
principal series and the two common limits of the 

diffuse and sharp series is equal to the wave number of 
the first line of the principal series. This law was 

simultaneously discovered by Rydberg and Schuster, and 
is sometimes referred to as Rydberg-Schuster Law. 

3.— THE COMBINATION PRINCIPLE. 

The principle discovered by Rite that the frequency 
of each line can be expressed as the difference of two 
terms is of great importance in spectroscopy, and is 
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known as the Combination Principle. Briefly speaking, 
it states that an atom may possess several groups of 
series of terms, the terms of one particular group follow- 
ing each other in a natural sequence, and are functions of 
the successive integer 1, 2, 3, etc. The scheme is best 
represented in figure 1. 

R 

Here ms stands for t 7 yi 

(ra+s-! — 2 ) 

■ m > 

where s and 9 are fractions which are constant for 
all values of m. The formula is only approximate, and 
many alternative forms have been proposed. 

The frequency of a line is obtained by taking the 
difference of any two terms but all combinations are not 
possible, the combinations known being shown by arrows 
in the figure. 

From the arrows it will be seen that a term on any 
one of the horizontal rows can be combined only with 
a term either immediately on the upper or on the lower 
row. It cannot be combined with a term on the same 
row or with terms two steps higher or lower. Again 
each one of the p, d, or /- terms may be single as in 
the case of the so-called Par-helium, double as in the 
case of alkalies or treble as in the case of the alkaline 
earths, which we shall take up later on. It is to be 
noted that R retains very nearly the same value for all elements. 

4— BOHR’S THEORY OF THE HYDROGEN 
SPECTRUM. 

We have already mentioned that the labours of 
Rydberg and Ritz may be compared to those of Kepler 
who paved the way for Newton. The Newton of atomic 
physics is Niels Bohr of Copenhagen, who in three 
epoch-making papers published in the years 1913-14 
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first unravelled the mysteries of the atom. According to 
the older conception, the atom was the ultimate unit of 
matter. It was supposed to be further indivisible and 
unalterable in properties. Thanks to the labours of 
Clausius, Maxwell, and Boltzmann, methods were evolved 
which enabled the scientists to treat the atom as a real 
physical entity and not as a purely philosophical 
curiosity. They could calculate the mass, the radius, and 
to a certain extent the shape of each individual atom. 
It was estimated that the mass of the lightest atom of 
matter, namely, the hydrogen atom was 1*65X10“’ 4 gm. 
and the radius was of the order of 10“ 8 cm. 

In 1895, Sir J. J. Thompson of Cambridge discovered 
a much smaller constituent of matter viz., the electron. It 
was found to have a mass of 1/1850 of the atom of 
hydrogen, and was found to be always associated with a 
constant negative charge of 477 X 10~ 10 E. S. U. 
Thompson found that this electron or the atom of negative 
electricity was a universal constituent of all matter. The 
discovery of the electron made it abundantly clear that 
the atom must be very complex — an opinion which had 
already been put forward by Rowland. Since all atoms 
are electrically neutral, they must contain equal quantities 
of positive and negative electricity, but all attempts to 
discover the positive electron failed. It was found that 
all positively charged particles had a mass comparable to 
that of the atom. 

Lord Kelvin and following him, Sir J. J. Thompson 
were of opinion that the atom consisted of an inner 
positively charged shell surrounded by a number of elec- 
trons. In 1904 Prof. Nagaoka of Japan proposed a very 
revolutionary model in which it was supposed that the 
atom might be compared to a planetary system, the 
positive electricity occupying a very small space in the 
system just as the Sun does in our solar system and the 
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electrons revolving at distances like so many planets in 
their proper orbits. The hypothesis was first put to crucial 
test by Prof. Rutherford of Cambridge. He bombarded the 
atom by swiftly moving particles which are obtained from 
radio-active bodies. They consist of very heavy masses charged 
with two units of positive electricity moving with enormous 
velocities. Mass for mass, they constitute projectiles possessing 
the largest amount of concentrated kinetic energy. Ruther- 
ford and his students found that when these particles are 
sent through the atom, most of them suffer very little 
deflection, but a minute fraction, say one in two thousand, 
is returned to the same side from which they are projected. 
This shows that the centre of the atom must be a source 
of very intense positive electric forces, and it occupies a 
very small space. The nuclear theory of the atom, as this 
conception is frequently styled, has now been placed on 
a sure foundation. Methods have been developed by means 
of which we can now measure the central charge as well 
as can have a rough idea of the space it occupies. We 
can also find out the number of electrons contained in 
any atom. These experiments prove that the nuclear 
charge equals Ae, where A is the ordinal number 
defining the position of element in the periodic 
table; an equal number of electrons revolve round this 
positive nucleus and are grouped in different concentric 
shells. 

When these ideas were just taking a definite shape 
and have not yet secured general recognition among 
scientists, Bohr worked out on their basis a theory of 
hydrogen spectrum, which has now become classical. We 
have already noted that the spectrum of hydrogen is the 
simplest and its series regularity is given by 
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where m= 3, 4, 5, 6 \ Bohr supposed that the hydrogen atom 
consists of a positive nucleus (it may also he considered 
to be the positive electron or proton, but the essential 
distinction is to be noted that the mass is about 2,000 
times as large as that of the electron) about which the 
electron revolves in a circular orbit very much in the 
same manner as the Earth revolves round the Sun. The 
controlling force is of electrical origin and is equal to 
e 1 2 

where r is the distance of the electron from the nucleus. 

This single datum alone does not enable us to determine 
the orbit; it must be supplemented by further hypothesis. 
In the case of planetary orbits, the conditions are prescribed 
by an initial velocity and an initial angle of projection, 
but this procedure is not possible in the present case. 
With characteristic boldness, Bohr introduced two hypotheses 
from the quantum theory which has been developed in 
Germany by Planck and Einstein. This theory states 
that radiant energy is also atomic in structure, it being 
propagated in space in concentrated cells, having the 
energy-content h *. where ■'* is the frequency of light 
vibration. Nicholson had noted that h has got the same 
dimensions as moment of momentum, torque or turning 
couple. Bohr grasped the idea and put this turning couple 

of the electron round the nucleus equal to where n 

is an integer. This enabled him to calculate the energy of 

the system which came out to be IW = — ~ . 

Now n is a number which is rather used arbitrarily. Bohr 
supposed that the electron can rest in dynamical equilibrium 

1 35 lines corresponding to values of m higher than 6 have 

been obtained by Mitchell, and by Evershed in the solar chro- 
mosphere, and about 20 have been obtained in the laboratory 
by Wood. 
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in an infinite number of meta-stable orbits characterised by 
the letters n— 1, 2, 3 etc., the radius of an orbit being 

proportional to a 0 n % where a 0 = ‘ It will be seen 

that the energy diminishes as n diminishes. When the elec- 
tron falls from any one of the outer to any one of the 
inner orbits it loses its energy which is propogated in 
space in the form of a pulse of light of energy A " = 
W j - — W u W f being the energy in the final state and W 2 - 
in the initial state. Substituting the value of W. 


V 


2tt 

7 , 3 




if we put n— 2, the formula reduces to the same form 
as that of Balmer. It now remains to be seen if the 

constant has the same value as the Rydberg cons- 


tant. Now the Rydberg constant is obtained in a purely 
empirical way from spectroscopic data. The constant occur- 


ring in the term 


2r *e*m 
h 3 


namely e, rn, h are obtained from 


quite different series of experiments, e being obtained from 
electrostatic experiments of Thomson and Millikan, ejni 
being obtained from deflection of cathode particles in cross- 
ed electric and magnetic fields, and A is obtained from 
measurements of radiation from a perfectly black body. 
These phenomena are entirely unconnected, yet Bohr found 

that the expression — - jpr ~ came out to have exactly the 

same value as the Rydberg constant R. A great trait of 
master minds is to find out the fundamental unity between 
disconnected phenomena, and Bohr has surely scored a 
great triumph jn connecting so many diverse branches of 
physics as electron theory, spectroscopy and the theory 
of radiation, thus placing the electrical theory of matter 
on a firm and unassailable basis. It is not possible here 
to give even a summary account of the great revolution 
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in ideas which has been brought about by Bohr’s grand 
discovery. We shall confine ourselves only to spectros- 
copy. 

Bohr’s theory explains not only the hydrogen 
spectrum but gives a general explanation of spectra of 
all elements, and enables us for the first time to explain 
the Combination Priniciple. An atom of sodium consists 
of a nuclear charge of 11 with eleven electrons moving round 
it It is believed that the outer-most electron revolves 
at a greater distance than the others, and determines 
the chemical and spectroscopic properties of sodium. 
This electron possesses a number of stable orbits similar 
to that of hydrogen, but it is not possible to calculate 
the form of these orbits nor the energy — content in 
them, because the problem is one of great mathematical 
difficulty. The case of hydrogen is very simple because 
we have to find out the motion of one single electron about 
the nucleus. Here we have to find out the motion of 
the electron in the combined field of the nucleus and 
ten electrons. This is the celebrated problem of n bodies 
which has defied the attempt of all mathematicians 
for two centuries and a half since the days of Newton. 

Still a sort of general explanation was given by 
Bohr and fully developed by Prof. Sommerfeld of Munich. 
Extending the idea developed in the theory of hydrogen 
spectrum, Bohr maintained that the energy of any particular 
line is simply the difference between the energy contents in 
the two stable orbits. This explains the combination 
principle in a very admirable manner. Sommerfeld 
showed that the orbits, even in the case of hydrogen, may 
not only be circular but may also be elliptic, just as 
the orbits of planets may be ellipses of varying eccentri- 
city. The mean angular velocity of the electron in the 
orbit is determined by 'a quantum number k, which 
is known as the rotational quantum number, but the 
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eccentricity of the orbit is determined by another quantum 
number n! the energy being equal to (in the case of 

hydrogen) 

Extending the idea to the alkali elements, Sommer- 
feld could easily explain the multiplicity of terms in the 
sodium atom. Each term now represents the energy in a 
definite meta-stable orbit and every group of terms 
correspond to one group of orbits having one factor in 
common. According to Sommerfeld all the s- terms have 
got the rotational quantum number 1, all the p terms 
have the rotational number 2, the d terms 3 etc. The 
combination diagram is now reduced to a diagram of 
energy levels, characterised by the quantum numbers, n, h, 
where n is the total quantum number and h is the 
azimuthal quantum number. (Fig. 2.) 

It may be noted that Sommerfeld’s theory offers 
no explanation for the multiplicity of the p, d, or / terms 
i. e., why we have two p’s, p t and jo a , two d’s, d , and 
d % etc., in the case of the alkalies. 

5. — SPECTRA OF ALKALINE EARTHS. 

It is now our object to show how these ideas have 
helped us to elucidate the regularities in the spectra of 
elements of the other groups. This is not an easy matter, 
because the number of terms is enormously increased, as 
we go to elements of the higher groups of the periodic 
table. Long before the advent of Bohr’s theory, the 
spectra of the alkaline earths had been classified into 
series. It was found that the lines could be group/ 
ed in three distinct classes : — a triplet series, a singlet 
series, and a doublet series. The singlet series is just 
like that of hydrogen, every line being single. The 
doublet series has the same constitution as the lines of 
the alkalies, two lines always occurring in pairs separated 
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by a constant frequency difference. Like those of alkalies 
they could be classified in groups of s- terras. The triplet 
series is more difficult to explain. Briefly speaking, three 
lines always occur associated together with constant fre- 
quency differences between them. Analysis shows that 
there is one set of s- terms, three sets of p- terms, three 
sets of cl- terms, and three sets of /- or b- (Bergmann) 
terms. Combination between the terms is always regulated 
by certain laws. We shall speak of these combinations 
later on. 

Before proceeding further, it is necessary to explain the 
connection between different groups. The lines of the singlet 
and the triplet series are found to be always associated 
together. They occur at the lowest stimulus, and they have 
got the same Rydberg number R. But the doublet series stand 
on quite a different level. Lockyer first showed that these 
lines are obtained with a stimulus greater than that required to 
excite the lines of the singlet and the triplet series, and the 
Rydberg number is not R but 4R 1 . The explanation was 
given by Bohr. According to him these lines are not due to 
the ordinary calcium atoms, but are due to atoms which 
have lost one valency electron and have acquired a net 
positive charge of one unit The motion of the electron 
in such a system takes place under a net nuclear charge 
of two units, and remembering that the Rydberg number 

is equal to ■ 7r - -- - - s - m we see that the Rydberg 

number is equal to 4R if we put E~ 2e. Here E 
denotes the charge of the nucleus. The conditions of 
excitation also support this view. It must be sufficiently 
strong to tear off one electron and excite the remaining 
valency electron to luminescence. The doublet series can 

1 This fact was first discovered by Prof. A. Fowler in the 
analysis of the spark spectrum of magnesium, and later extended 
by him to the doublet spectra of calcium, barium, and strontium. 
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therefore be treated differently from the singlet and triplet 
systems for it is due to an essentially different system. 
In this connection Sommerfeld and his student Kossel 
arrived at a generalisation of far reaching consequence and 
destined to play a great part in the future development 
of spectroscopy. Now calcium is different from potassium 
in having two valency electrons while potassium has got 
one. But when calcium loses one electron, it becomes 
similar in constitution to potassium with the difference 
that the net nuclear charge is now two units. Therefore, 
according to them, the spectrum of Ca + will be similar 
in constitution to that of K, but the Rydberg number 
is 4R instead of R. Generalising this conclusion, they 
formulated the Displacement Law in spectroscopy, which 
may be thus stated : — When an element loses one, two 
or more electrons, then as far as its spectrum is concerned, 
it becomes similar in constitution to that of the element 
preceding it in the periodic table by one, two or more 
positions. Thus : — 


The spectrum of Ca + 

is 

similar to that of 

K 


A1 + 

55 55 XXL 

55 

55 5? 

55 

55 

Ca 

(R=4N) 

» » A1+ + 

55 

55 55 

5? 

55 

K 

(R=9N) 

- * Si+ 

55 

55 55 

55 

55 

A1 

(R-4N) 

Si 4 * 4 " 

5j 55 KJl 

55 

55 55 

55 

55 

Ca 

li 

co 

2 

Si 4 " 4 " 4 * 

55 55 

55 


. 55 

>5 

K (R=16N). 


These predictions were made by Kossel and Sommer- 
feld in the year 1919, and they have been fully verified 
in recent years by the works of Fowler on the spectrum 
of Si + , Si ++ , Si + + + , and by the works of Paschen on 
the spectra of A1+, Al ++ . 

Recent works by Millikan, Meggers and Russell, 
confirm the validity of the law regarding the spectra of 
Sc+, Ti+, V+, Cr+, Fe+, &c. 
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Turning now to the spectrum of calcium proper, we 
have already stated that it can be grouped in a triplet 
and singlet system with inter-combination between the two. 
The scheme of the composite triplets is shown in the figure 3. 

It is to be noted that pi<p 3 <p 3 and d t <d 2 <d 3 
and the combination between the p and d terms occur in 
the following manner: — 

Pi—di 

Pi—ch 

pi—d 3 

Pi — 

Pi—d , 

Pz—d 3 

The combination may be schematically thus re- 
presented : — 



d'% 


dl 

p* 

X 



p* 

X 

X 


pi 

X 

X 

X 


The crosses represent the lines actually observed. 
The d>f combination is thus represented: — 


chief line ' 
Satellite 

chief line 
Satellite 

.. } 
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The following illustration of the above are taken 


from spectra 

of calcium and barium from 

Fowler’s Report 

On Series 

in 

Line Spectra. 



Calciw 

i 

m. 





11556-4 

11552-6 

11547‘0 



d 3 

(H 2 

A 



(9) 



34146-9 

Ps 

22590-5 





4425-43 





(8) 

(9) 


34094-6 

Pa 

22538"2 

22542-0 




4435-67 

4434-95 




(3) 

(5) 

(9) 

33988-7 

Pi 

22432-3 

22436-1 

22441-7 



4456-61 

4455-88 

445L77 

Barim 

71. 





7426-8 

7412"8 

7398*6 



if 3 

A 

/. 



(8 R) 



32995-6 

da 

1 25568-8 





3909*92 





(6) 

(8 R) 


32814-1 

d> 

25387-3 

25401-3 




3937-88 

3935-72 




? 

(6) 

(10 R) 

32433’Q 

di 

25006-2 

25020*2 

25034-4 



3997*92 

3995-66 

3993-40 
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6. — MULTIPLETS. — CATALAN’S WORK. 

The next great achievement in spectroscopy is the 
classification of the lines of manganese, which was 
completed by Dr. Catalan of the University of Madrid in 
Spain working in the laboratory of Prof. Fowler. Catalan 
was the first to introduce effectively the idea of 
multiplets, which is a generalisation of the type represented 
by the pd combination in Calcium. He found that the 
number of associated terms in the p or d groups may 
be as large as 4, 5, 6 etc., in the case of elements of 
higher groups of the periodic table instead of 3 as in 
the case of Calcium. Catalan’s idea was taken up 
vigorously in Germany, and America, and the classification 
of the spectra of chromium, and molybdenum by Catalan 
himself, vanadium and iron by Laporte in Germany and 
of titanium by Kiess and Kiess in America followed in 
quick succession. As the laws of these combinations have 
been very elegantly worked out in a paper by Lande, 
we shall not speak of these works in advance, but 
proceed straight to an exposition of Lande’s theory. 
It might be mentioned that the theory is the result of 
a mass attack on the part of the Sommerfeld school, 
including, besides Prof. Sommerfeld himself, his students 
Heissenberg, Lande, Gieseler, Laporte and others. They 
introduced the idea of an inner quantum number to 
explain the combination of sets of terms belonging to 
different groups. Thus according to this scheme, the 

distinction between p„- p*, jp s .... terms lie in their 

having different inner quantum numbers ; these inner 
quantum numbers define the motion of the valency 
electron as influenced by the inner ring of electrons, and 
are shown to have a very intimate connection with the intra- 
atomic magnetic field. They are therefore of great importance 
in determining the Zeeman splitting up the lines in the 
presence of an outer magnetic field, but space does not 


412 ALLAHABAD UNIVERSITY JOUBNAL 

permit us to speak in detail of the application of these concep- 
tions to the problem of anamolous Zeeman effect. For p x , 
j- 2, for j— 1; for p s , j— 0; if j denotes the 
inner quantum number. For d x , d x , d % , the values of 
j are 3, 2, 1 respectively. Thus modifying the previous 
scheme we can re-write it as: — 

^3 

3 12 3 

m, o x 

Pt, 1 x X 

Pi, 2 XXX 

Lande introduces the notation n h - to denote the 

characteristics of a particular term. The running n um ber 
n represents the total quantum number, k the rotational 
or azimuthal quantum number, j the inner quantum 
number and r denotes the trunk quantum number or the 
permanent multiplicity of the term. Thus for singlets, r= 1, 
for doublets r— 2, for triplets r— 3, and so on. The Principle 
of Selection, governing the combination between different 
terms, for the various quantum numbers is thus represented: — 



with the exclusion of /=o —*j~ o 
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The set o£ terms in each one of the s,p, d, or / 
groups are represented in the following scheme: — ' 

Table I 
The Terms, nlj 



Singlets. 

Triplets. 

Quintets. 


^10 


n 12 

Odd 

^21 

nio nh r }i22 

| ^ll ^22 ^23 

multiplets. 

^32 

nf 2 n§ 2 n% 3 

«lo nil n| 2 n| 8 n| 4 


wis 

n|a n| 3 nl 4 

w|i nf 2 n|a nf 6 


Doublets. 

Quartets. 

Sextets. 

Even 

nh 

n f 2 

n fa 

mnltiplets. 

n\i ula 

n 2l n 22 n 2 s 

n| 2 n|s n 2 4 


n§ 2 n% 3 

Wai «33 «33 «84 

nli n| 2 n| 8 n| 4 n| 5 


H 44 «44 

«42 «43 «44 »45«41 «42 «48 »44 ^45 «46 


Table II. 

Comparison between the old and new notation. 

ns np nd ns np x np 2 nd\ nd 3 ns np x np 2 np 3 nd\ nd 2 nd 3 

n \ 0 nil ^82 wfi ^22 wii ^ls ^32 ^11 ^22 ??io ^!s n 32 Mai 

Lande also gives a rule which enables us to deter- 
mine the ratio between the different frequency differences 
of a particular set of terms. That there is some regularity 
was noticed even by earlier workers. We shall illustrate 
it from the alkaline-earth metals. 

Thus fra- Mg, 2p 2 — 2pi = 40’9 : 2p 3 —2p 2 — 19'2::2 :1 
Ca, 2p.- —2p\ =105‘9 : 2p s -2p* = 52'2::2 : 1 
Sr, 2p 2 —2p\ =394'2 : 2p a -$p,=186'8: .2' 1 : 1 
Ba, 2p e -2p l =878'2 : 2jJ 3 -2p a =370'4: :2' 3 : 1 
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If we take the difference between the corresponding 
d terms we have, 

Ca, 3d,-3d,= 21*5': 3d 3 -3d,= 13’6::3:2 
Sr, 3d, -3 d,= 99*6 : 3d 3 -3d,= 59*3 : : 3*4 :2 
Ba, &Z.-3rfiW380'8 : 3d 3 — 3rf a =181*6 : : 4*2 : 2 

Generalising this scheme, Lande proposed that for 
even multiplets 

r— 2, 4, 6, etc. 

(n\x — n \ 2 ) : {n\z — n \i ) '• (nfa ~~ n k*) 

_ (2 g — l 2 ) (3"--2 2 ) . (4 2 — 3 s ) , . s . x . 7 

— 2 ' 2 * 2 ~ 2 * 2 ’ 2 o . & . i 

and for odd multiplets r= 1, 3, 5, etc. 

( n'k o ~ n \\) • ( n U ~ n k2 ) ; ( n k2 ~~ toft) 

= {(1 + i) 2 - W) ? {(2 + hr-a + iT] ■■ U 3 + W-(2 + hf} 

= 1:2:3 


An illustration of Lande’s classification is afforded 
in the spectrum of manganese. The spectrum of manganese 
according to Catalan consists of quartet, sextet and octet 
groups. Taking the quartet system we represent the com- 
binations in the following diagram : — 

The illustrations are afforded in the following tables : — 
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Lande’s rule is thus illustrated: — 

. 7 : 4"8 : 2'8 observed 


415 


252 ‘ 6 : 170 - 3 : 99 ' 3 = 


234 - 7 : 172 * 8 : 118-4 = 


7:5: 3... calculated according to Lande 
9 : 6"6 : 4"5 observed 


9:7: 5... calculated according to Lande 

Another illustration is given here from the spectrum 
of iron, classified by Laporte into triplets, quintets and 
septets. 


Quintet system 
d' 


90'0 


184-2 


2881 


416'0 


n |o 
0 


nti 


n | a 
2 


nU 


m 4 
4 


p 


«S i 1 
263-7 | 
nan 2 

413*9 

n% s 3 


(40) 

28754-6 


(60r) 

288416 


(50r) 

29028-8 


(40) (70 r) (75 r) 

28880*9 28765*1 29053‘2 


(20) (lOOr) (150r) 

28352-1 28640-3 29056-3 


Interval Eule : — 

A d‘ , 89-9 : 184-1 : 288-1 , 4i6-o=H ! lrfttsra3a 


a . it 9*Q — M : 3 * observed 

APi ,* 6oo 7 : *1% J 2 : 3 ... calculated according to Lande 


The intensity rule may be introduced at this stage. It 
states that among the three possible transitions of J the 
strongest line arises from the change in j which parallels 
the change in k and the intensity diminishes in 
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the order that the transition of j deviates from that of 
k. This rule is also well illustrated in the above tables. 

It is not possible to give a detailed account of the 
works which have been done in recent years, viz., the 
work of Catalan on Mn, Mn, + Cr, Cr,+ Mo, Sc, and Sc+ 
(the last two being fragmentary), the work of Laporte 
on vanadium and iron, and the work of Kiess and 
Kiess on titanium. The spectra of the elements in the 
thir d row of the periodic table have been more or less 
completey classified with the exception of cobalt and nickel. 
The multiplicity which have been observed are presented 
below. 


K 

Ca j Sc 

Ti 

Va 

Cr j 

Mn 


| 



[(Singlets) ■ (Doublets) 

Doublets/ Singlets. Doublets.j 

Singlets 

(Doublets). 

Triplets 

Quartets 


Triplets. Quartets. 

Triplets. 

Quartets 

Quintets 

Sextets 


■ I A 

1 

[Quintets. 

t 

Sextets. 

Septets. ' 

Octets. 


Fe 

(Singlet) 

Triplets 

Quintets 

Septets 

(Nonets). 


The system enclosed within brackets have not yet 
been observed. 


7.— THE IONISATION POTENTIAL: 

In the early work on spectral series, it was supposed 
that the biggest term corresponding to the lowest or 
normal energy level was always an s- term, the p-, d-, f- 
and q- terms successively decreasing in value. From the 
highest term number multiplied by h, the ionisation 
potential in volts, or the amount of energy which must 
be given to the outermost electron to separate it from 
the atom, can be easily obtained from the usual relation, 



e 


The view that the s- term is the biggest term, can 
no longer be maintained, in view of recent work. It holds 
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quite well for the elements of the first and second groups of the 
periodic! able, consisting of both odd and even groups, and 
they have been verified by the experiments on ionisation 
potential, initiated by Franck and Hertz in Germany, and 
carried out by Foote, Mohler, Horton, Davies and others. The 
following tables illustrate the truth of this law. 

Kesonance and Ionisation Potential. 

Group I. 


Element. 

Atomic No. 

Series 


Volts. 



Notation. 


Computed. 

Observed. 

Li 

3 

Is 

43486 

5.368 




ls-2lh 

14903 

1.840 


Na 

11 

Is 

41449 

5.116 

5.13 



Is — 2p i 

16973 

2.095 

2.12 

Iv 

19 

Is 

35006 

4.321 

4.1 



Is— 2j>i 

13043 

1.610 

1.55 

Cn 

29 

Is 

62308 

7.692 




Is— 2 i )\ 

30784 

3.800 


Rb 

37 

Is 

33689 

4.158 

4.1 



Is— 2#! 

12817 

1.582 

1.6 

Ag- 

47 

,1s 

61696 

7.542 




Is — 2p i 

30473 

3.762 


Gs 

55 

Is 

31405 

3.877 

3.9 



1s-2jBi 

11732 

1.448 

1.48 

An 

79 

Is ' 

70000 (?) 

8 to 9 (?) 




Is — 2pi 

41174 

5.1 




Group II. 



Mg 

12 

is 

61672 

7.613 

7.75 



IS — 2^2 

21871 

2.700 

2.65 



1S-2P 

35051 

4.327 

4.42 

Ca 

20 

IS 

49305 

6.087 

6.01 



IS — 2 p-j 

15210 

1.878 

1.9 



1S-2P 

23652 

2.920 

2.85 

Zn 

30 

IS 

75767 

9.353 

9.3 



IS — 

32502 

4.012 

4.18 



1S-2P 

46745 

5.771 

5.65 


53 
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Groups II 


Element 

Atomic No. 

Series 

Notation. 


Volts 

Computed Observed. 

Sr 

38 

IS 

45926 

5’670 




IS— 2jpi 

14504 

T791 




1S-2P 

21698 

2-679 


Cd 

48 

IS 

72539 

8-955 

8‘92 



IS — 2j0g 

30656 

3" 784 

3"95 



1S-2P 

43692 

5"394 

5-35 

Ba 

56 

IS 

42029 

5-188 




IS —22)2 

12637 

1-560 




1S-2P 

18060 

2’230 


Hg 

80 

IS 

84178 

10*392 

10-2 



IS -2i) 2 

39413 

4-866 

4*76 



1S-2P 

54066 

6-674 

6‘45 

Ra 

88 

IS 

4 -5000(?) 

5 - 5'5(?) 




lS-2i) 2 

12500(?) 

1'5(?) 




1S-2P 

20700(?) 

2"6(?) 



It will be noticed that in the case of the alkaline earths 
it is the 1S-, term of the singlets which has the largest value. 
The resonance lines or the lines which appear with the least 
amount of excitation are the lines Is — 2^ or Is— 2p 2 in the 
case of alkalies and IS — 2p 2 and IS — 2 P in the case of the 
elements of the second group. They are also the “rales ultimes” 
or the ultimate lines which are obtained with the least amount 
of material. But the law that the IS term has got the highest 
value does not seem to be true in the case of the elements of 
the other groups. In the case of the elements of the third 
group, which have already been shown to be classified 
into doublet series, the terms having the highest value are 
2p, and 2p a ,‘;the biggest s- term having a much smaller value, 
as the following table shows : — 


Element. 

Is. 

- 

%>*■ 

Al 

22933-27 

48168-84 

46280-91 

Ga 

23591-5 

47553'8 

48379‘S 

In j. 

22294-8 

44455-3 ; 

46667*9 

ti r. 

22786-7 

41471"5 

49264-2 
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It was first supposed that the real Is- term was still 
undiscovered and that it had a value very slightly 
exceeding the 2p- terms, so that the resonance lines were 
in the infra-red, but this supposition has not been 
verified. The absorption experiments could have decided 
the point, but all these elements have the singular 
property of possessing high boiling points and rather low 
melting points, so that to obtain sufficient vapour for 
absorption experiments, very high temperatures were 
necessary, which were difficult to obtain except probably in 
the case of thallium. But recently absorption experiments 
have been carried out by Grotrian, Gibson (in the case of 
thallium) and Caroll, and in this laboratory which show that 
at least in the ease of thallium that the lines first to 
come out in absorption are 2 p l —ms and 2p^—ms so 
that little doubt now remains that 2 \p x and 2 p 2 are the 
highest terms fixing the ionisation potential. These 
results have been also verified by the experiments of 

Foote, Ruark and Mohler. 

Works on the other elements, which have been 
already mentioned, have now amply proved that the Is 
terms can no longer be maintained to be the highest 
term. Of course in the case of Mn, Cr, and Mo, 

Catalan has found that the highest terms are IS- terms, 
but in the case of vanadium, the lines of which can be 
grouped into a quartet and sextet series, the highest 

term is represented by an /- term of the quartet system, 
and the resonance lines occur with a combination of 

this /- term with a g- term. Grotrian however suspects 
that there is besides a doublet series. In the case of 
iron, the lines of which have been carefully studied by 
Laporte, the highest terms have been found to be five 
d- terms belonging to a quintet system. The “ raies ul 
times” of iron belong to a combination of these d 
terms with either p or /- terms as illustrated in the 
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following table. It may be noted here that Grotrian, 
Ang erer and Joos have also obtained these lines in 

*=3 

89’91 184*15 288*08 415*92 

0- * 1 * >2- * .3, * — -4 

80 R 80 R 20 R 
3745-900 3733-319 3707-828 

26688*31 26778-22 26962*43 

125 R 100 R 20 R 
3748-264 3722*56$ 3683*056 
26671-45 26855-57 27143*66 


150 R 150 R 20 R 
3745-563 3705*567 3649*308 

26690-69 26978-76 26394’67 


200 R 100 R 
3737-135 3679-915 
26750-88 27166*82 

300 R 

V5 3719-938 

,i 26874*53 

In view of these discrepancies Grotrian, now arranges 
these energy levels in a different manner ( vide Natur- 
wissensehaften, Heft 46, p. 958 November 14, 1924). In 
the case of neutral titanium also, the lowest level found 
by Kiess and Kiess belong to an /- combination, though 
Meggers reports^ that Russell has discovered singlet terms. 
According to Saha, who has got a method of fixing the 
probable values of ionisation potential within rough limits 
from an examination of the chromospheric spectrum, it 
seems to be rather improbable that it would have such a low 
ionisation potential as 5*4 volts. It must be greater than that 
of strontium which has an ionisation potential of 5*7 volts. 


absorption. 


II 
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Leaving this interesting subject for the present, in 
which there is still sufficient room for further work, we 
may turn our attention to a critical examination of the 
applicability of the empirical rules of Sommerfeld and 
Lande. The selection principle for the rotational quantum 

k— 1 

number k. was first stated by Sommerfeld and 

^k+1 

Rubinowiez, by using the idea of conservation of momentum 
and energy in a light wave. Sommerfeld supposed that light, 
as it is emitted, is propogated as a spherical wave with the 
atom as centre. But if this were true, there would be no 
pressure of radiant energy on an absorbing gas. But in the 
case of emission of characteristic light waves by atoms, 
Einstein proved that light must be radiated as a single 
quantum in a particular direction. (Phy. Zeits. 1917). Saha 
also expressed the same view (Astro. Jour. Oct. 1919), that 
both absorption and emission must be directed quantities ; on 
this basis he proposed a theory of selective radiation pressure, 
which accounts for the great heights of the resonance lines of 
calcium and other ionised elements, in . the solar chromo- 
sphere. This idea has been developed by Milne with success 
(Monthly Notices of Boyal Astronomical Society, March 
1924 page 354) and the average life of the excited 
Ca + atoms has been found to be of the order of 10 — 8 
secs, as demanded by theory. In recent years A.H. 
Compton and P. Debye have used the same idea regard- 
ing X-rays : They think that a pulse of X-ray has got 
7i” 

a momentum — and when this passes through matter, 

it shares this momentum with the electron. Hence when 
the electron re-emits the wave as scattered pulse, the 
latter must, have a lesser amount of energy and the 
scattered radiation must have a longer wave length than 
the primary beam. The idea of directed emission and 
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absorption which seems to be definitely established is therefore 
opposed to Sommerfeld’s selection principle, but a direct 
experimental proof of the violation of this principle is obtained 
in the occurrence of lines of series combination lx — mx, where 
x may stand for s, p, cl, or f This corresponds to a transition 
number k ->k, and is therefore a direct violation of Sommer- 

feld’s principle, though a modified form of Sommerfeld’s 
principle allows this combination. But a more flagrant viola- 
tion of the rule presents itself in the occurrence of lines 
belonging to combination Is — md, where we have got the 
transition from k to k+2. It is said that according to Bohr’s 
Correspondence Principle these lines may occur in an 
intense electric field. But according to the experiments 
of Dhtta, Foote and Mohler, Is — md lines of potassium 
and sodium occur in emission and absorption, the 
absorption tube being heated by an ordinary flame, so 
that the presence of any strong external field is out of 
question. It appears therefore that the selection principle 
^>^k-rl 

k . is not strictly correct. All that we can say that 

>*k-l 

these combinations are very strong, and therefore the lines 
are more intense than those belonging to the combination 
k »k+2. 

The violation of the selection principle is also 
illustrated in the pp', del', or ff combinations 1 . Referring 
back to Lande’s classification, this would amount to 
saying that instead of one horizontal row for either s, p, 
d, or /, there might be two, three or more. These sets 
do not correspond to successive values of n in h*'. 
and in the case of complex elements, the successive term 
numbers can no longer be represented by Rydberg’s 
formula. These terms should also be differentiated from 

‘The pp' combinations were first discovered by Saunders 
and Bussell in the spectrum of calcium. 
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displaced and parallel (Verschobene) terms, first obtained 
by Pasclien and Meissner, in their work on the 
spectrum of Neon, who pointed out that if a constant 
number was added to the terms, they could be 

represented by a Rydberg sequence. The pp' sets 
were first obtained by Catalan in the spectrum of 
manganese, but they occur very prominently in the 
spectrum of iron. Laporte calls them the dashed 
system. One such combination is taken from the 

spectrum of iron. 


104-49 


215-54 


294-40 


d r 


0 89 . 95 x 134’11 ^ ^ 288'04 415 '9 6 


(60R‘) 

33233-45 


(50R) (15R) {100R) 

33039-01 33128-96 33313-08 


411'20 


(80R) (100R) (100 R) 

32914-43 33097-53 33385‘54 


(100R) (150 R) (125R) 

32803-10 33091-17 3350713 


(100R) (200R) 

32679-98 33095'93 


A k~o ; j— o — o does not occur in the above multiplet. 
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For such sets of terms Laporte inti-oduces the selection 
principle represented in the following diagram : — 


The dashed and undashed ^systems (sets of terms) com- 
bine with another as denoted by the full horizontal 

arrows according to the rule Ak—o; ±1 is forbidden. 
On the other hand combination between similar systems, 
both dashed and undashed, take place according to the 
usual rule Ak=±l; A k=o is forbidden. 

In connection with spectrum of iron, we may 

also introduce the idea of the inverse or the verkehrte 

terms. We have seen that if we take the components 
of the triplet system say p x , p*, p 3 , then applying 
Lande’s rule, these can be written as n\ i , n\ u n\ a 

respectively. Here p x < p* < p 3 or nl % <n\ 1 <n\ „. 
Catalan was the first to observe that this rule is violated 
in the case of two terms of the Cr-speetrum. Sommer- 
feld was the first to point out that twenty-five terms 
of the Mn spectrum are inverse terms. An example is 
taken from the spectrum of chromium. 
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I 







I 


i 


:K 


Designation of terms 
(according to Catalan) 

Value of the terms 

O ® 

27853-6 

o <2 

2 p a 

27844-8 

o a 

2 P i 

27839-1 


In the case of iron, Laporte found that all the terms 
are verkehrte i.e.> p x > p 2 >p z . The occurrence of these 
inverse terms involves great difficulty regarding the assignment 
of a set of terms to the proper combination of terms of differ- 
ent groups. We cannot be sure whether a group of lines 
is p — d or d — p, and a case of great anomaly is already 
known in the spectrum of scandium, in which the alloca- 
tion of certain lines to a definite group of combination 
of terms by Catalan has not been verified by Grotrian in 
his absorption experiments. The author has found the 
following symbolic representation to be of great use in 
deciding whether a particular combination involves combina- 
tion between 

(a) normal— normal terms 

(b) inverse— inverse terms 

(c) normal— inverse terms 

(d) inverse— normal terms 


1. Quintet System 





426 


ALLAHABAD UNIVERSITY JOURNAL 


The arrows point to the direction in which the 
frequency decreases. 


3 

2 ^2 1 


n ; 4 

^^3 3 ^^3 2 

<n\ j <??4o 

<3 

> nU 

(p-$ 


It may represent a combination between normal p 
and normal d 

or n s 73 >ni* >n\ y 

^14 ^^3 3 ^ ^32 ^3i ^®3o 

»*4 <nU 

(d-p.) 

a combination between inverse p and inverse d. 

n. 


d 


i 

. — .. 


0 12 3 4 






ri 

XXX 



2 

X X X 



^3 

X 

X 

X 



It may stand for a combination between normal p 
and normal d. 

p<d (d — p) 

or between inverse p and inverse d 

P>d (p — d) 
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It may stand for a combination between normal p 
and inverse d 


or inverse p and normal d 
p<d 


It stands for a combination between normal p and 
inverse d. 

p<d or (d — p) 

or inverse p and normal d, 
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CONCLUSION. 

We have surveyed the subject from the time #f 
Kirchoff up to the present time, but space has not 
permitted us to deal with the region of X-ray, which 
now forms a continuous sequence with the visible region 
on the short wave length side. The subject offers 
infinite number of problems for investigation, and probably 
in no branch of physics, the co-operation between the 
theorist and the experimentalist is so much required as 
in this subject. Sir J. J. Thompson pointed out in one 
of his addresses that even the least amount of knowledge 
about the atom cannot but materially aid the progress 
of science, but to obtain such knowledge, there must be 
well-equipped laboratories, and money must be spent 
ungrudgingly on research. 
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